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Robert T. Blake, Class of ‘49 


speaks from experience when he says, 


“AtU.S. Steel, the opportunities are unlimited.” 


Bob Blake had his first experience in 
steel mills working there during sum- 
mer vacations from college. After re- 
ceiving his B.S. degree in Electrical 
Engineering, he became an operating 
trainee in U.S. Steel’s Irvin Works. 
During his training program, his 
background and versatility were used 
by the Training Division to develop 
a training program for Electrical 
Maintenance employees. By the end 
of 1951, Mr. Blake had become a 
Foreman with experience in both 
Cold Reduction Maintenance and 
the Galvanizing Department. 

Effort is made to have young engi- 
neers obtain varied experience be- 
fore devoting themselves to one field. 
Mr. Blake feels that, “An engineer- 
ing graduate has practically no ceil- 


ing provided he has the right attitude 
and is willing.” 

Promoted again in 1954, Mr. Blake 
is now Foreman—Electric Shop in 
Central Maintenance. Supervising a 
crew of 40 men, he is responsible for 
electrical construction work, mainte- 
nance and crane wiring. Mr. Blake 
feels he is in “an interesting and 
challenging field of work.” He has 
found that “U.S. Steel is a highly de- 
sirable employer in this most basic 


SEE THE UNITED STATES STEEL HOUR. It’s a full-hour TV program 
presented every other week by United States Steel. Consult your local 


newspaper for time and station. 


of all industries.” 

If you are interested in a challeng- 
ing and rewarding career with United 
States Steel and feel you are quali- 
fied, further information is available 
from your college placement direc- 
tor. Or, we will gladly send you 
our informative booklet, “Paths of 
Opportunity.” Just write to United 
States Steel Corporation, Personnel 
Division, Room 1622, 525 William 
Penn Place, Pittsburgh 30, Pa. 


UNITED STATES STEEL 


AMERICAN BRIDGE . . AMERICAN STEEL & WIRE and CYCLONE FENCE . . COLUMBIA-GENEVA STEEL . . CONSOLIDATED WESTERN STEEL . . GERRARD STEEL STRAPPING . . NATIONAL TUBE 
OIL WELL SUPPLY . . TENNESSEE COAL & IRON . . UNITED STATES STEEL PRODUCTS . . UNITED STATES STEEL SUPPLY . 
UNITED STATES STEEL HOMES, INC. * UNION SUPPLY COMPANY * UNITED STATES STEEL EXPORT COMPANY * UNIVERSAL ATLAS CEMENT COMPANY 


Divisions of UNITED STATES STEEL CORPORATION, PITTSBURGH 


Even the Mountains... 


At first there were just lowlands, lower even than the sea, and the waters covered them. 
Below the miles of open water, the multitudiious life dropped a constant soft rain of their 
dead and the rivers that ran to the shores of the surrounding lands carried with them the 
sediments of their highlands. The bottom sagged under the weight of the debris and sunk 
lower only to be filled still more by this quie} rain. Until at last a time was reached when 
it seemed that the land could bend no more and instead started to rise. And the waters 
drained from it. The rivers that had once poured out onto it paused, and then went back 


toward their now eroded uplands. 


The land rose high, and as it rose and left the quiet of its sea it met the open air. The 
wind ripped at its sanded areas and the rains cut deep into its exposed flanks and the mys- 
terious pull of the earth below it caused the exposed rocks to tumble into the crevices that 
were formed by the rain and new streams and rivers carried this debris to the now distant 


sea. 


The years passed by the thousands and still the land rose high into the furious elements 
of the open sky. Mountains now majestic, cut and scarred by wind and rain, rose high 
above the surrounding countryside. Their jagged peaks were capped with the white ice of 
glaciers. Below this, forests drank deep of the rains and grew green mantles for their sides. 
Lower still at their feet, the plains were fed by the alluvium the streams carried with them 


on their way to the sea. 


And man came to the foot of the mountains and gazed with awe at their grandeur and 
beauty. And he felt a desire and called it God and he worshipped the mountains. He 
climbed them, left his footprints on their high2st peaks and cut at the trees in their forests 
for fuel and all the time he felt the strength and permanency of them and he had a saying 


that he told his children of “the everlasting mountains.” 


But after a million years had come and gone and all the land that had been sunk had 
risen, the uplifting stopped and still the snows covered their peaks and the rains still wore at 
their flanks and still the loosened rocks tumbled into the streams that carried them away to 
the distant sea. 


And the mountains started to die. 
Peele 
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NORTH AMERICAN HAS BUILT MORE AIRPLANES THAN ANY OTHER COMPANY IN THE WORLD 


At North American — 


DIVERSITY CREATES OPPORTUNITY 


& Graduates, undergraduates — A North American representative will be 
aN on your campus soon. He will give you complete details on the hundreds 
of openings these expanding fields create: Arrcrart: the Korea-famed 
F-86 Sapre JET, the record-smashing F-100 Super Sapre, and Airborne 
Vehicles of the Future. Gurpep Missites: the SM-64 Navauo Interconti- 
nental Guided Missile. ELEcTRo-MEcHANICAL ContTROLSs: fire controls, 
automatic navigation systems, flight control computers — for aircraft and 
missiles. ENcInEs: lightweight, high-thrust rocket engines for the NavaHo 
and for other missile programs. Atomic ENERGy: the development of 
nuclear reactors for research, medicine and power. 


North American engineers work in top-level teams, share in a liberal 
Patent Award Program, a highly successful Suggestion Award Plan and 
many other unexcelled job benefits. 


See the North American Representative at your school...or write: 


Mr. Stevenson, Dept. 56-CM Mr. Kimbark, Dept. 9120-CM Mr. Pappin, Dept. 56-CM 


Engineer Personnel Office Engineer Personnel Office Engineer Personnel Office 

North American Aviation North American’s Missile & North American’s 

Los Angeles 45, California Control Departments Columbus Division 
Downey, California Columbus 16, Ohio 


ENGINEERING AHEAD FOR A BETTER TOMORROW 


Nort American Aviation. INC. 
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Our Frontispiece 


The observatory at night, a photo by John Vilven illustrates 
our theme for December. 
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Is Science .. . 


THE ULTIMATE WAY ? 


by George C. McVittie, Head of the Department of Astronomy, 


What significance, if any, does science 
possess for the interpretation of human 
experience as a whole? Is the scientific 
method a better and more ultimate way 
of explaining the meaning of life than 
are the alternative methods of religion, 
philosophy, ethics or the appreciation of 
beauty such as an artist possesses ? I think 
that in the United States, much more so 
than in Western Europe, the answer to 
this question would be “Yes.” I judge 
this to be so, not only because the regu- 
lar branches of science, astronomy, phys- 
ics, chemistry, the biological sciences, 
etc., are all actively prosecuted here; but 
also because of the immense vogue pos- 
sessed by psychology, psychiatry and the 
social sciences. The interest in these dis- 
ciplines is far less great in Western 
Europe, certainly in Britain. I am told 
that in the United States, on the other 
hand, many persons employ psychologists 
or psychiatrists to help them with their 
personal and mental problems, in much 
the same way as they employ doctors to 
cure their bodily ills. Presumably there- 
fore if these mental and social sciences 
are regarded as having value, it is be- 
cause of the assumption that the sci- 
entific method can be usefully applied 
to the elucidation of the nature of the 
human mind or of the relations of hu- 
man beings to one another. Before, 
however, we accept this assumption it 
is as well to look closely at the scientific 
method itself and to examine not only 
its excellencies, but also its limitations. 


Before I go on to discuss these mat- 
ters, I must issue a warning with re- 
gard to the scientific prejudices from 
which I necessarily suffer because of the 
character of my own training. I have 
been occupied for the past twenty-five 
years or so in dealing with astronomical 
problems and with those of mathemati- 
cal physics generally. Hence the ideas 
with which I am most familiar are 
those of mechanics, of Einstein’s rela- 
tivity theory and their applications in 
the field of astronomy. I have perforce 
had to acquire some knowledge of 
physics and of quantum mechanics, the 
theory that lies at the basis of atomic 
and nuclear physics. With chemistry, | 
have only a nodding acquaintance, and 
I am almost a stranger to the biological 
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sciences. Of psychology and the social 
sciences, I only have the slight knowl- 
edge acquired through casual reading in 
my younger days. But if it is true that 
mechanics and physics are the funda- 
mental sciences, I may lay some claim 
to have studied the scientific method in 
its purest and most ultimate form. 


In beginning our examination of the 
scientific method we must begin some- 
where; we must indeed accept some 
data as being undoubtedly certain and 
unquestionable. These I suggest are to 
be found in our sense-data, in the im- 
mediate experiences that our senses con- 
vey to our minds. I know that I see the 
color green, a spectral line, a pin-point 
of light in the sky which I call a star. 
In addition to such visual perceptions 
there are auditory, tactual and other 
kinds, all of which together form an 
incohate and disorderly conglomeration. 
As often as not, the first reaction of the 
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Our author, Dr. George C. McVittie, received his degree from Edinburgh 


human mind to this flood of sense-data 
is that which we express by the words 
“alarm’’ or “confusion”: the child cries 
with fear when its senses are assailed 
by the visual, auditory and tactual ex- 
periences its suffers if it is caught out 
of doors in a thunderstorm. But the 
next reaction of the human mind is to 
make a rational picture of the sense- 
data that pour in on it from all sides, 
to arrange them in an orderly fashion, 
to understand them as we say. This is 
achieved by a process of selecting some, 
and excluding others, from amongst 
the group of sense-data all of which 
may be thought of at first sight to be 
relevant. Consider for example the prop- 
osition “The sun rises above the horizon 
every morning” which makes sense of 
the changes from darkness to light that, 
in a general way, occur daily. To those 
who have lived in northern latitudes, 
this proposition is reached by excluding 
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University and his doctorate from Cambridge. He is the present director of 
the University Observatory and has been here at the University since 1952. 


(Staff photo) 
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Albert Einstein was the founder of the theory of relativity which so disrupted 
the classical view of the science formed by Newton and his contemporaries. 


many very relevant experiences that con- 
tradict it. If Londoners wake up on a 
certain day and experience the sense- 
datum expressed by the the statement 
that “‘there is a fog,” it is certainly not 
true that they also experience the sense- 
datum expressed by “‘the sun has risen 
above the horizon.” For all that their 
observations tell them, the sun may have 
dissolved into nothing during the night, 
never to appear again. Indeed the propo- 
sition I have mentioned is valid only in 
so far as the sense-data of scientists in 
foggy or cloudy regions, or in the Arc- 
tic circle in mid-winter, are excluded 
from consideration. The value of the 
proposition lies in the fact that it co- 
ordinates and interprets a. far larger 
group of sense-data than those I have 
mentioned, which, though obviously 
connected with the change from night 
into day on certain occasions, are ex- 
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cluded in establishing it. 

Before proceeding further with this 
line of thought, I must say something 
about a different view of the activity of 
a scientist. This is the doctrine of the 
existence of an External World called 
Nature whose properties are rational and 
are also independent of the scientific 
observer. The observer is engaged in dis- 
covering these properties through the in- 
dications given him by his sense data. 
For example, he tries to discover 
whether there are, or are not, entities 
called electrons, whether there is, or 
there is not, an inverse square law of 
gravitation, and so on. More generally, 
the laws of nature are thought of as 
the principles on which this rational 
External World works. As an illustra- 
tion of the independence of the observer 
and the properties of the External 
World, it is presumed that the proposi- 


tion I gave a moment ago about the 
rising of the sun would still be true 
even if human beings were insensitive to 
radiations of all kinds such as X-rays, 
light, heat, radio-waves and the rest. In 
this view of science the notion of “cause 
and effect,” of “proof,” of “discovery” 
and of “truth and falsehood” are em- 
ployed. Thus it would be said that New- 
ton discovered the inverse square law of 
gravitation, that Einstein proved that he 
was wrong and discovered that the 
cause of gravitation was the curvature 
of space. If indeed science is engaged in 
discovering the properties of an inde- 
pendently existing rational External 
World, then I can only say that it has 
been singularly unsuccessful. There are 
in fact so many features of this World, 
which scientists have purported to dis- 
cover during the past, that have had to 
be modified or abandoned. The cycle 
and epicycle orbits of planets, the phlo- 
giston and caloric in the theory of com- 
bustion, the aether of the 19th century, 
the notion that matter was exclusively 
constituted of protons and electrons, to 
name a few instances, have all had their 
day and gone by the board. Even New- 
ton’s three laws of motion that for so 
long seemed to be the most certain and 
unalterable features of the External 
World have been replaced. The par- 
ticular set of properties of the External 
World which on this view, we believe 
ourselves to have discovered today, are 
in no better case, in spite of the fact 
that we attach to them the adjective 
“modern.” We believe in these proper- 
ties for the same kind of reason, precise- 
ly, that our predecessors believed in the 
features which they thought they had 
“discovered,” namely because we need 
them in order to interpret the sense- 
data that are available to us at the 
present moment. They serve the purpose 
of ranging the sense-data into neat port- 
manteaux of theory, to rationalize the 
confusion with which we are presented. 
In short, if the doctrine of a rational 
External World is accepted, past ex- 
perience forces us to conclude that sci- 
ence is everlastingly in error, a Kepler, 
a Newton or an Einstein periodically 
“proving” that his predecessors were 
mistaken. The notion that there is a 
rational External World whose constit- 
uents and method of operation the sci- 
entist is patiently unravelling seems 
therefore to lead only to dispair, unless 
indeed the scientist is totally ignorant 
of the history of science. 

Let us now turn away from this doc- 
trine and look again at the way in which 
a scientist goes about his work. An illus- 
tration of his method is provided by the 
following anecdote which may or may 
not be true. It is said that a battalion 
of British soldiers was once sent to a 
remote outpost in the far east. The na- 
tives were a primitive people and had 
little contact with their neighbors, let 
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alone with white men. The soldiers 
presently acquired a field on which they 
| played soccer or association football. In 
this variety of football they are eleven 
players on each side, the ball is round 
and may not be handled. It may be 
kicked or bumped with the body or 
struck with the head. The goals are like 
large doorways, formed by two uprights 
with a crossbar on top, and there is a 
net behind to catch the ball. Special 
rules apply to the goalkeeper on each 
side, in particular he may handle the 
‘ball. Therefore goalkeepers wear dif- 
ferent shirts from those of the other 
: players, usually brilliantly colored ones. 
: 
: 


There is a referee or umpire who con- 
trols the game by blowing a whistle. 
The soldiers played and the natives 
watched, during the first few games in 
puzzled silence but presently with ex- 
citement and an interest that rivalled 
that of the white spectators. Eventual- 
ly an officer who could speak the local 
language asked the natives why they 
were so interested. They replied ‘at 
first the activities of the white men 
puzzled us but now we understand what 
they are doing. We realize that in the 
doorway at each end of the field there 
is one of the white men’s gods and 
every time the ball is hurled through 
the doorway, the god inside is insulted 
and injured. The men on the field are 
priests belonging to the rival gods and 
the two men in bright shirts are the 
high-priests who have the special task 
of guarding a doorway. We do not un- 
derstand why the man with the whistle 
is there, but apart from that, we have 
a clear understanding of the way in 
which the white men honor their gods.” 

Let us reflect for a moment on what 
these people had done. They had care- 
fully observed what they saw before 
them, and their observations had at 
first made no sense. Presently, they had 
correlated and interpreted these sense- 
data in terms of the only theory they 
possessed, namely, their animistic reli- 
gion in which gods were everywhere 
though invisible. And in doing so, they 
had had to omit one group of sense- 
data which formed part of the set under 
examination, namely, the activities of 
the umpire. But this omission did not 
shake their confidence in the interpre- 
tation as a whole; it was merely a curi- 
ous minor problem that had still to be 
fitted into the theory. I submit that 
these primitive people had carried out a 
perfect specimen of the scientific method 
as I envisage it. This view forms an 
alternative to the assumption of a ra- 
tional External World and has been 
called by Herbert Dingle the doctrine 
of science as the method of correlation 
of sense-data. 

These data, may, or may not, form 
a rational whole but the human mind by 
selecting classes of them succeeds in 
grouping them into rational systems. 
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For example, Newtonian mechanics and 
gravitation theory groups into one ra- 
tional system the multifarious phenom- 
ena of planetary motions and into this 
same system there is integrated, surpris- 
ingly enough, the apparently quite in- 
dependent phenomenon of the motion of 
the apple falling in Newton’s garden. 
A logically different system of correla- 
tion called quantum theory serves to 
connect into a rational whole the sense- 
data we call atomic phenomena. Unob- 
servables such as light, atoms, electro- 
magnetic fields, gravitational forces, etc., 
are not constituents of an independently 
existing rational External World; they 
are but concepts useful in the manufac- 
ture of the systems of correlation. 


The properties of the unobservables 
are alterable as the occasion demands; 
for example, in order to interpret cer- 
tain sense-data in atomic physics, light 
is conceived as a stream of particles, to 
interpret another group of data, it is 


Isaac Newton correlated the observations of his predecessors 


thought of as a wave. The notions of 
truth and falsehood, of cause and ef- 
fect, of discovery and explanation may 
now be either discarded or looked upon 
as arbitrary: the only important ques- 
tion is: How can we construct a ration- 
al scheme of thought—a theory—which 
shall include within its grasp as many 
apparently disconnnected sense-data as 
possible ? 


The vast correlation of astronomical 
and mechanical phenomena achieved by 
Newton did not, as it happens, include 
one phenomenon, the motion of the peri- 
helion of the planet Mercury, which 
seems to belong to the same class. But 
the fact that this one phenomenon some- 
how escaped from the Newtonian net 
was not, and still is not a reason for 
declaring that the whole structure is 
false. Indeed the theoretical engineer 
would rise up in wrath at such a sug- 
gestion, for most of our machines are 
constructed on strictly Newtonian prin- 


into his 
famous laws of motion. These laws, despite their replacement by the new 
views of Einstein, are still applicable in most fields of engineering. 
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ciples. In other words, there is an im- 
mense range of mechanical phenomena, 
both in the engineering laboratory and 
in astronomy, which are correlated and 
interpreted to the th place of decimals 
by Newton’s theory of motion. 

On the other hand, Einstein’s theory 
of general relativity is a different meth- 
od of correlating phenomena: it can em- 
brace both ordinary planetary motions 
and the phenomenon of the motion of 
the perihelion of Mercury. But whether 
it can also embrace the phenomena as- 
sociated with the idea of rotation—the 
tides for example—which presented lit- 
tle difficulty to Newtonian theory, is 
still an unsolved problem. 

One consequence of this definition of 
a scientific theory is that there may well 
be two or more theories which ade- 
quately interpret a particular phenom- 
enon. This is because the comparison of 
theory with the measurements of ob- 
servation can never be made with mathe- 
matical exactitude: there is a haziness 
about sense-data even when they are 
produced through the intermediary of 
the most refined instrument, which is 
technically called the “error of observa- 
tion.” Thus for example, the phenome- 
non of aberration, by which a star traces 
out a small closed path on the celestial 
sphere during each year may be inter- 
preted in terms of Newtonian theory 
and equally well in terms of Einstein’s. 

Hence I do not agree that there can 
be a crucial experiment by which a 
theory stands or falls: it is not one ex- 
periment that makes a good theory but 
the wide scope of experimental results 
that it can interconnect. Nor can a 
theory be true or false: it is any case 
relevant to a highly selected group of 
data—usually with the recalcitrant ones 
ignored—and the theory can at best be 
said to be adequate or inadequate as a 
means of inter-correlating the members 
of the group. 

There is still to be considered the 
method of selecting the group of data 
that are to be correlated by a theory; I 
can give no general abstract formula for 
the way in which this is done but I 
can ask you to watch the scientist at 
work. Shortly before Newton’s time, 
Kepler had observed the motions of the 
then-known planets. His data, though 
very numerous, were crude by our stand- 
ards but they led him to the empirical 
rules of motion called Kepler’s laws. 

By contemplating these rules Newton 
is led to a theory in which every one of 
Kepler’s data appears as a_ particular 
exemplification of the theory. When, 
over a hundred years later, data on mo- 
tions of double stars were available, 
astronomers found that these data could 
also be integrated into the Newtonian 
scheme. It was only in the late 19th 
and in the 20th century that phenomena 
associated with objects moving with 
about the speed of light—phenomena 
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undreamt of by Newton—were avail- 
able and it was found that they fell 
outside the Newtonian orbit. 

On this view of science the Laws of 
Nature are simply the fundamental 
postulates lying at the base of a theory. 
They are to be regarded as free crea- 
tions of the human mind, a notion that 
goes back to Poincare, if not to Kant. 
These creations must be in agreement 
with observation and the better they 
are, the more observations they will 
serve to interpret and the more new 
kinds of observation they will suggest 
for investigation. But I draw another 
conclusion: the past history of science 
warns us that the laws created at any 
particular moment in the development 
of science will not be adequate forever. 


A great substitution of one set of : 


Laws of Nature in favor of at least 
two others occurred at the beginning of 
the 20th century with the construction 
of the relativity theory and the quan- 
tum theory. Since then the process has 
continued: Einstein, Shroedinger and 
others have sought to alter the Laws of 
Nature as stated in relativity theory so 
as to incorporate into one rational 
scheme both gravitational and electrical 
phenomena. The atomic scientists are, 
I believe, seeking modifications to the 
Laws of Nature as they occur in quan- 
tum theory so as to account for nu- 
clear phenomena. Thus the physical uni- 
verse, as described by the scientific 
theories in vogue at any given moment 
in time, is a temporary structure condi- 
tioned by the then available sense-data, 
themselves of a highly selected kind. 
The structure has been in the past, 
and presumably will be again in the 
future, altered from its foundations up. 
This does not argue in favor of the ex- 
istence of a rational External World 
which is being discovered by the scien- 
tist: rather does it argue in favor of a 
disorderly, even irrational, collection of 
sense-data, on portions of which the sci- 
entist temporarily imposes an order and 
structure that is periodically breaking 
down. Should there be a rational Ex- 
ternal World, its discovery would be the 
end of science, not its presupposition. 
Such a discovery would occur, if at 
some future time, a_ single rational 
scheme of thought were to be created 
by the human mind, embracing all the 
then-known data, and adequate to ab- 
sorb all further observations which sci- 
entists would thereafter make. The past 
history of science makes me doubtful 
that such a stupendous theory will ever 
emerge: rather has the progress of sci- 
ence been away from such an end. 
According to such a view, it is difh- 
cult to claim that science by itself has 
a greater light to throw on the nature 
of our experience as a whole than has 
religion or philosophy. It is one meth- 
od amongst others of interpreting cer- 
tain parts of our experience, but the in- 
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herently evanescent character of its fun- 
damental conclusions makes me doubt- 
ful if it can be ranked as the method 
of ultimate importance. In particular we 
should be chary of importing into hu- 
man affairs some concept that belongs 
to a scheme of scientific law current at 
a particular time. For example, the 
concept of force as a means of interpret- 
ing motion is an essential part of New- 
tonian theory but it has been aban- 
doned in Einstein’s general relativity. 
Yet force has come to be regarded as 
something existing in its own right and 
independently of the theory of mechanics 
of which it forms a part. 

We hear of social forces, of political 
forces, of economic forces which pur- 
port to control the activities of human 
beings in much the same way as the 
ifverse square law of force controls the 
motion of a planet in its orbit, accord- 
ing to Newtonian ideas. I suspect that 
these forces in the realm of human af- 
fairs are disguised ways of saying that 
large sections of the human race hold 
certain—often quite irrational—beliefs 
and act accordingly. Once upon a time 
a belief in witchcraft was a powerful 
social and political force shaping men’s 
actions: in the 18th century the bel‘ef 
in witchraft withered away in the minds 
of men and the corresponding social and 
political force vanished with it. The 
same might be said of slavery, that great 
social and economic force from which 
there seemed to be no escape in the 
ancient world. Another type of defect 
that scientific conceptions possess is that 
they are morally neutral, neither good 
nor bad, true nor false, as these terms 
are understood in the realm of morals 
and religion. Yet it is surely with just 
such moral matters that we are con- 
cerned in our inner life as individuals 
or in our relations with our fellows. 
If, for example, we are liberals, we 
should like to establish the absolute va- 
lidity of such concepts as those of free- 
dom, of tolerance, of respect for the 
views of others however repugnant these 
views may be, and so forth. If we are 
totalitarians we shall strive to set up 2s 
unquestionable dogmas the concept of 
the state, or some theory of economics, 
or of the right to deprive a man of his 
livelihood simply because he holds po- 
litical views of which we disapprove. 
Unlike the concepts of science, such no- 
tions are not regarded by their adher- 
ents as susceptible of change or of being 
discarded in the light of some new ex- 
perience. Let us therefore be careful: 
science is a powerful tool for rational- 
izing a great mass of sense-data of a 
certain carefully selected kind, it is the 
source of technological change and of 
much material well-being, but do not 
let us therefore jump to the conclusion 
that it holds the answer to every riddle 
with which man’s experience confronts 
him. 


THE TECHNOGRAPH 


Graduate Engineers 


GET GOING FAST AT SPERRY 


" Where do your real interests lie? 
In aircraft? Guided missiles? Arm- 
aments? Fire control systems? 
Communications? Industrial de- 
velopmenis? 

=" Where do you think your talents 
would be most effective? In gyro- 
scopics? Electronics? Hydrau- 
lics? Servo mechanisms? Here at 
Sperry, you name it—we’ve got it! 
And in a practical manner that 
lets you develop fast. 

" The helicopter you see above, 
for example, is one of many Sperry 
aircraft used in developing flight 
control systems for military and 
commercial use. It’s literally a fly- 
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ing laboratory flown by Sperry test 
pilots and staffed by Sperry engi- 
neers, combining technical know- 
how with on-the-spot application. 


" As a Sperry engineer, you share 
in projects such as this right from 
the start. And no matter which 
one you're in, you’re working side 
by side with the top men in their 
respective fields. Sound good? It 
is good! Check your placement 
office for dates when Sperry rep- 
resentatives will visit your school 
to give you more information... or 
write J. W. Dwyer, Sperry Gyro- 
scope Company, Section 1B5,now. 


Right now there are 
openings for... 


Aeronautical engineers 
Electrical engineers 
Electronic engineers 
Mechanical engineers 
Physicists 

Technical writers 


Field engineers for 
applied engineering 


GYROSCOPE COMPANY 
Great Neck, New York 


DIVISION OF SPERRY RAND CORPORATION 
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DR. GEORGE ELLERY HALE 


To the Ancient Greeks, the Cyclops 
were awesome, one-eyed giants who lived 
in dark caves devouring mortals whom 
they encountered. A modern-day Cy- 
clops although inanimate and non-carni- 
verous exists atop. Mount Palomar— 
the Hale telescope. This creation of 
man, a giant in its field, being twice as 
large as its nearest contemporary the 
100-inch Mt. Wilson telescope, also has 
one eye with which it peers into the 
celestial world from the cave of its 
dome. It serves however, to aid man, 
not devour him. 

The ‘father’ of this giant was the 
late Dr. George Ellery Hale, who 
founded two other observatories in his 
lifetime: the Yerkes observatory at Wil- 
liams Bay, Wis., and the Mt. Wilson 
observatory at Pasadena, Calif. In the 
last decade of the 19th Century, Dr. 
Hale was an active member of the Na- 
tional Academy of Sciences and was 
chiefly responsible for the construction 
in 1897 of the world’s largest refracting 
telescope, the 40-inch Yerkes. 

In order to study star wave lengths 


from ultra-violet to infra-red and to 
fully utilize the photographic  tech- 
niques then becoming available, Dr. 


Hale turned from the refractor to the 
reflector type telescope to more fully 
view the heavens. In his quest for a 
bigger, better telescope, he was also 
forced to find a better place to locate it 
than previous observatories. Che eastern 
part of the United States was pocketed 
with air turbulences that did not per- 
mit full use of telescopes. Accordingly 
the arid, warm southwest area was in- 
vestigated and the next project of Dr. 
Hale was the creation of the present 
Mt. Wilson observatory. The 100-inch 
Mt. Wilson telescope went into opera- 
tion in 1918, but as it answered old 
questions, it posed new ones. 

A six million dollar grant was made 
by one of the Rockefeller Foundations 
to the California Institute of Technolo- 
gy in 1928 for construction of a 200- 
inch telescope under the direction of 
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THE CYQEOERS 
of PALOMAR 


by aioarry, Hirsch bee o7 


Dr. Hale. The site of the new behe- 
moth was to be somewhere away from 
the Pasadena location of Mt. Wilson, 
due to the smoky atmosphere created by 
Los Angeles and nearby cities, but close 
enough to make wide use of the facili- 
ties at Mt. Wilson. A site 125 miles 
southeast of Mt. Wilson was chosen on 
a plateau near the top of 6,000 feet 
high Palomar Mountain. Construction 
was begun in the 1930's and the new 
telescope was to be named in honor of 


Dr. Hale who died in 1938. 
The Corning Glass Works in Corn- 


ing, N. Y., was chosen to mold and 
cast the mirror. At first fused quartz 
was to be used, for it shows less re- 
sponse to changes in temperature than 
any other usable substance. Early at- 
tempts to cast in fused quartz ended in 


failure and the successful alternative 


“was pyrex glass. After much study, the 


mirror was to be cast not as a huge slab 
200 inches wide by 20 inches thick, but 
as a thin face on a ribbed back to make 
the mirror lighter and easier to support. 
The ribs would provide pockets for 
counterbalancing supports to hold the 
multi-ton piece of pyrex. The first cast- 
ing, in February, 1934, was a failure. 
One of the cores that were to make the 
pockets flowed to the top of the molten 
glass approximately half way through 
the pouring, ruining the casting and sev- 
eral more cores were torn apart by the 
intense heat. 

A second try in December, 1934, was 
successful as the cores held place. The 
next process was an annealing and thea 
gradual cooling in a special oven. This 


The 200-inch mirror being inspected prior to being shipped to the Hale 


Observatory. Notice the ribbed pattern visible through the polished surface. 
The plug in the center was removed when the mirror was inserted to allow 
combination with the Casegrain and Coude mirrors which increased 
equivalent focal length to 6,000 inches. (Courtesy Calif. Inst. of Technology) 
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‘was to be a process lasting several 
‘months. However, a few months before 
‘the mirror had eooled: a nearby flood 
threatened to cut off the electrical power 
that controlled the oven. The power was 
cut off for some time and many anxious 
weeks were spent while the mirror con- 
‘tinued cooling. It was not until the 
‘mirror had Peale cooled all the way 
that it culd be tested to see if the abrupt 
cooling brought on by the power failure 
had done any damage. Fortunately there 
Was none. 


The mirror reached CIT’s Pasadena 
campus for polishing in 1936. It re- 
mained in a specially constructed Optical 
‘Shop for 11% years while 51% tons of 
glass were ground off. Thirty-one tons 
of grinding and polishing compounds 
ranging from carborundum to a fine 
grade of rouge were used. The mirror 
was finally transported to the completed 
dome and telescope mounting in Novem- 
ber, 1947. The final step to making the 
pyrex casting a mirror was accomplished 
here when a thin layer of alumnium was 
coated on the face. Then the mirror 
was placed into preliminary operation. 
Several late adjustments were made 
such as removing the mirror from the 
telescope to grind off a few millionths of 
an inch from around its edge. Fans 
were mounted around its undersurface 
to help defeat minor temperature 
changes, and the mirror went into sery- 
ice. 


The mirror is approximately 24 inches 
thick at the edges and 20%4 inches at 
the center. Its surface is ground and 
polished to an accuracy of two-millionths 
of an inch of a perfect concave surface. 

An eye must have a body to see for 
and the telescope mounting is indeed 
a large bedy to suit its giant eye. The 
telescope tube is 55 feet long with a 
weight of 500 tons. The relative aper- 
ture of the prime focus is f3.3, at the 
Cassegrain focus, f{16 and the Coude, 
£30. The mirror is at the bottom of 
the tube, while the observer rides atop 
the tube in the Prime Focus Observer’s 
house. He reaches this by means of an 
elevator up to a circular track which 
runs around the dome. From the track 
he can enter the house at any position 
of the telescope. With an elaborate sys- 
tem of counterbalances, the telescope is 
always in balance no matter what com- 
bination of mirrors and foci are used. 
It has a base separate from that of the 
dome which has one corner in a_ ball- 
and-socket type base. This permits rota- 
tion only while the other three corners 
allow for horizontal and vertical ad- 
justments of altitude and azimuth. 


In order to move the telescope at 
celestial rate, a 1/12 hp. motor is need- 
ed, so friction-free and delicately bal- 
anced are the component parts of the 
instrument. To set the scope, the ob- 
server dials a star’s position on a con- 
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trol desk and the telescope moves auto- 
matically to that position and begins fol- 
lowing the star immediately. An electric 
remote indication system moves the tele- 


scope from side to side and up and 
down. 
The observatory dome is 135 feet 


high and 137 feet in diameter. It moves 
on a circular track with split shutters 
riding on horizontal rails. The total 
weight of the dome is 1,000 tons. It 
consists of three floors. The ground floor 
has offices, darkrooms, air-conditioning 
equipment, a library, lunchroom and a 
large storage area. The mezzanine has 
public restrooms, a central electrical 
panel board, time standard equipment 
and oil pumping equipment for the tele- 
scope’s oil-packed bearings. The obser- 
vation floor has the telescope, control 
desk and a glassed-in visitors’ gallery. 
Although the prime feature of the 
Palomar ‘observatory is the Hale tele- 


Looking west inside the dome with the dome open. 
completely closed and air conditioned during the day to keep the delicate 
temperature balance necessary with the large mirror. (Courtesy Calif. Inst. 
of Technology) 


scope, there are 18 and 48 inch Schmidt 
types. With their wider fields of view, 
they do the scouting for the larger lens. 
Several programs are underway. One 
consists of mapping the universe with 
the 48-inch Schmidt, interesting detail 
to be checked later with the Hale lens. 
Another project concerns the abundance 
of chemical elements on the stars. The 
200-inch telescope will gather enough 
light to make it possible to spread the 
spectra of the stars wider than before 
and give broader insight into the source 
of stellar energy and the origin of chem- 
ical elements. The structure and_be- 
havior of the universe is being studied 
with concentration on problems such as 
its possible expansion, shift in spectra 
and the velocity of distant nebula. 


Thus, this modern-day Cyclops aids 
man in pushing back the boundaries of 
the celestial cave in which he dwells, 
the universe. 


Ordinarily the dome is 


UA 
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NEW 


sespsgaonnsoonnssennnnnannngnnessnosNeAONNNORAOOSS 


Today, New Departures are used by almost every 
manufacturer of farm equipment. That’s because 
New Departure ball bearings have proved their 
ability to carry all loads, preserve accurate align- 
ment of moving parts, cut friction and upkeep. 


DEPARTURES OF TOMORROW 


How you gonna keep ‘em away from the farm after they've seen this 
machine? . . . Chances are, the people who develop this soil- 
conditioner, fertilizer-planter unit, with its air-conditioned control cab, 
will call on New Departure for ball bearings. Maybe they'll just need 
New Departures that are already in world-wide use—like the Sealed- 
for-Life or the double-row angular-contact ball bearings. Or they might 


want an entirely new type—a ‘new departure” in ball bearing design. 


Either way, New Departure is the answer. Manufacturers everywhere know 
that New Departure always lives up to its name—being first with the 
finest in ball bearings. 


NEW DEPARTURE ® DIVISION OF GENERAL MOTORS e@ BRISTOL, CONNECTICUT 


EPARTURE 


BALL BEARINGS 


NOTHING ROLLS LIKE A BALL 
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For the Gas Turbine Engine . . . 


THE MILES-PARKER 
REGENERATOR 


A new regenerator for gas turbine 
engines has been developed by John C. 
Miles, professor of mechanical engineer- 
ing at the University of Illinois, and 
Norman A. Parker, head of the me- 
chanical engineering department. 

The project for the development of 
a future power plant is being jointly 
sponsored by the Detroit Arsenal of the 
Army Ordnance Corps and the Univer- 
sity of Illinois research board. The main 
object of this project was to design the 
best possible power plant for the future 
and research showed this would best be 
a regenerated gas turbine. 

The modern gas turbine is the ulti- 
mate in simplicity and light weight, it 
will run fuel oil,, kerosene, or JP4 (jet 
fuel), it has no pistons, valves, distrib- 
utor, or cooling system. Essentially it 
is a compressor, a combustion chamber, 
and a turbine. The turbine is coupled 
directly to the compressor. There is 
generally a second turbine immediately 
behind the first, called the work turbine, 
and it is used as a power take off. 

A gas turbine is small and ideally 
suited for use in trucks, trains, tanks, 
and ships, except for its enormous fuel 
consumption. A regeneration system re- 
duces this gigantic fuel consumption by 
using the heat from the exhaust gases 
to preheat the incoming air. The re- 
generation system developed here by 
Professors Miles and Parker is so effec- 
tive that it cuts fuel consumption in 
half. 

The main objection connected with 
previously developed regeneration sys- 
tems was their enormous size. Often 
the regenerator for a stationary turbine 
would be as big as a box car. 

The researchers here at the Univer- 
sity have done three things: 

1) They have produced a regenera- 
tor no bigger than a suitcase. It takes 
up less than 2 cubic feet of space, and 
is small enough to go with the turbine 
under the hood of an automobile. 

2) They have discovered a way to 
let this disc turn freely while exhaust 
gasses go through two-thirds of it in 
one direction and incoming air for the 
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by David Webster, F.A.A. ‘56 


turbine goes through the other third in 
the opposite direction. 


3) They found how to keep exhaust 
impurities from fouling up the thousands 
of tiny openings in the disc. 

The regenerator is supported by ball 
bearings running in a race ground into 
the edge of the disc. The disc is made 
from hundreds of feet of two No. 347 
Stainless steel ribbons, each 6 inches 
wide and 0.003 inches thick. One is cor- 
rugated into tiny accordion pleats, 21 
to the inch. The two ribbons are then 
coiled tightly together, round and round, 
to form the disc. This disc has more 
than 63,000 holes per square foot. The 
size of the disc varies from 18 inches 
in diameter up, depending on the turbine 
size. 

Gasses and air flow with little hin- 
derance through the rotating heat trans- 
fer disc because it is actually four-fifths 
open spaces. The exhaust gasses heat the 


disc and the disc heats the incoming air. 
The exhaust is cooled from 1,100 de- 
grees to 400, and the air is heated to 
1,000 degrees. 


The optimum speed for the regener- 
ator disc is 20 rpm. This was found 
theoretically using equations involving 
heat transfer data. This speed also 
eliminates much of the intermixing of 
the exhaust and the air due to a carry- 
over effect called paddle wheeling. 


The heart of the Illinois develop- 
ment is the seal which separates exhaust 
and air sections while the disc turns. 
Any type of organic seal was immediate- 
ly ruled out because of the extremely 
high temperature (1,100 degrees). This 
means the seal must be metal to metal, 
or possibly ceramic. 

To keep exhaust impurities from foul- 
ing the small holes in the disc, a portion 
of the fuel is injected into the air be- 
fore the air enters the disc. This fuel- 


University of Illinois Professors John C. Miles and Norman A. Parker inspect 
the matrix of their regenerator. (Staff photo) 
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An elementary cut-away drawing of the Miles-Parker Regenerator in position on a gas turbine. 
The heart of the unit, the matrix is shown much enlarged at right. The principle of easy pas- 
sage of air while retaining a large heating surface area is easily seen in this view. (Photo by 


Dave Komyathy) 


Ball Bearing 


Talk about a “quiz whiz’’...here’s the ball 
bearing torque tester that’s in a class by itself! 


This Fafnir-developed torque testing equipment for 
instrument ball bearings automatically records a continu- 
ous series of starting torque peaks from which maximum 
torque, average torque, and the frequency distribution 
of successive torque peaks are quickly determined. In 
addition, the trace distinctly reveals how torque is affected 
by dirt, race finish, race geometry, load, scratches, nicks, 
and retainer condition. By providing a multiplicity of 
readings in a very short span of time, inspection is 
simplified and chances of error minimized. 

The development of a better means of measuring 
instrument bearing torque is but one of many Fafnir 
contributions to the ball bearing industry. The Fafnir 
Bearing Company, New Britain, Connecticut. 


FAF NER nett BFARINGS 
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air spray continuously flushes out the 
openings. Gasoline works very well for 
this, but at the moment they are still 
experimenting with kerosene. 


At the moment experiments are being 
conducted to determine the effectiveness 
of injecting all of the fuel into the air 
stream before it reaches the regenera- 
tor. Thus the heat of the disc could 
also be used to vaporize the fuel com- 
pletely, thereby adding to the efficiency 
of the whole system. This also reduces 
the pressure differential in the firing 
chamber which further adds to the ef- 
ficiency of the system. 


A centrifugal compressor has been 
found to work best with this system 
because of the low pressure ratio of 
about 4 to 1. Also a centrifugal com- 
pressor is much smaller, more rugged, 
and cheaper than an axial flow compres- 
sor. 

Essentially this project was to design 
an efhcient power plant to be used in 
a tank. Anyone in the tank corps during 
the Korean “‘police action” will tell you 
that our modern day tanks are terribly 
underpowered. One happy note is the 
fact that this regenerated gas turbine sys- 
tem developed here can be used in trucks, 
busses, automobiles, tractors, trains, and 
bulldozers, to name but a few. 


One of the present projects now being 
undertaken is the development of a 
200-300 horsepower engine. Maybe your 
next car will have one of these en- 
gines in it. 
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John Kennedy asks: 


How much 
travel 
is there 
in technical 
sales work? 


A. HICKS LAWRENCE, JR., earned his B.E. de- 
gree from Yale in June 1940 and joined Du Pont 
in the following month as an analytical chemist. 
He progressed steadily at various plants, from 
line foreman to shift supervisor to senior super- 
visor. In 1949 he applied his technical training to 
sales work. Today Mr. Lawrence is a sales man- 
ager in the ‘‘Kinetic’’ Division of Du Pont’s 
Organic Chemicals Department. 


WANT TO KNOW MORE about technical sales 
at Du Pont? Send for ““The Du Pont Company 
and the College Graduate.’’ This booklet con- 
tains a section on sales work and also gives 
many interesting details about the technical 
staff and laboratory facilities which stand be- 
hind a salesman. Write to E. I. du Pont de 
Nemours & Co. (Inc.), 2521 Nemours Build- 
ing, Wilmington 98, Delaware. 


QU PONT 


REG. U.S. PAT. OFF. 
BETTER THINGS FOR BETTER LIVING . .. THROUGH CHEMISTRY 
WATCH “DU PONT CAVALCADE THEATER” ON TY 
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JOHN T. KENNEDY is working toward his B.S. degree in chem- 
ical engineering from Notre Dame University in June 1957. He’s 
a member of the student branch of A.I.Ch.E. and is active in the 
Young Christian Students and in the Chicago Club. Because 
John feels one should make employment plans early, he’s starting 


his investigations during his junior year. 


A. Hicks Lawrence answers: 


Well, John, as the Old Man of the Sea told Sinbad the 
Sailor, ““The quantity of travel varies with the specific 
situation encountered.”’ Of course, you'll never be ship- 
wrecked or encounter the other travel problems that 
Sinbad did, but a man shouldn’t seriously consider a 
career in sales work unless he really enjoys travel. Most 
of our sales personnel do just that, because the work 
itself provides so many rewards and satisfactions. It’s 
not unusual for a representative to be away from home 
base 30 to 60 per cent of the time. 

You see, John, for a good salesman, every trip means 
meeting new people, new situations, and new chal- 
lenges. Every one of these offers a chance to display 
individual initiative. Perhaps the customer will need 
technical advice on applying our product to a specific 
item he’s developing. The Du Pont salesman may 
choose to use his own experience and ‘“‘trouble-shoot”’ 
on the spot. On the other hand, he may refer the prob- 
lem to ‘‘home base,’’ where he knows he’ll be backed 
up by a strong technical organization. This knowledge 
naturally stimulates a salesman and heightens his inter- 
est in his work, He knows that he never travels alone. 
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The Race of the Century. . . 


From NEW YORK 


It was madness—sheer madness— 
from the very moment of its concep- 
tion, this idea of an automobile race 
from New York to Paris. This year, 
last year, or even ten years ago the 
idea would have been passed off as just 
another stunt to keep the rich occu- 
pied. But here it was, 1908, when the 
cars were as dependable and the roads 
as trusty as a maladjusted slide rule. 

The New York-to-Paris race was not 
the first contest of this type. The idea 
of using automobiles for cross-country 
racing was undoubtedly conceived from 
the very first moment one of the horse- 
less carriages was wheeled into the light 
of day. The so-called sport of town-to- 
town racing was amazingly popular in 
the years around 1900. The cars, ill- 
equipped as they were for gruelling 
runs, were objects of intense curiosity, 
and the drivers of these cantankerous 
contraptions were looked upon and 
spoken of in tones of hushed awe. It 
was the ambition of every youngster 
of these times to sit up in the bucket 
seat of one of these high-strutting, spoke- 
wheeled devices and go roaring down a 
dusty road with scarf flying and road- 
side pebbles slapping against the side 
at speeds greater than forty miles an 
hour. For the most part, the engines 
were better than the autos they were 
mounted in, the tires hopelessly unre- 
liable, and brakes utterly useless at 
speeds greater than a gallop. Gear shift 
levers and brake pedals, when they did 
work, required great effort to operate, 
and two drivers were a dire necessity 
for competition. 

A very important race of this era, the 
Paris-to-Madrid race, was last run over 
a half of a century ago, and nobody ever 
bothered to count the number of spec- 
tators killed. This memorable race, 
which started out of Versailles, was run 
over a_bone-jarring, kidney-wrecking 
course of dust and stones that typified 
the roads of the 1900's. The spectators, 
eager for a look and completely unable 
to comprehend any speed greater than 
that of a strong stallion, pressed against 
and overflowed the sides of the roads, 
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It was a life and death proposition any _ 


way you looked at it. A cavalcade of 
216 cars exploded from the starting area 
at Versailles on May 24, 1903, with 
Charles Jarrot, an Englishman in a De 
Dietrich, grabbing an early lead. He 
was overtaken by De Knuff outside of 
Paris, who was in turn passed by Louis 
Renault in one of his own cars. Jarrot 
made a valiant but futile effort to catch 
Renault, who was barreling along at 
better than ninety miles an hour in his 
thirty horsepower autombile. Far back 
in the pack was Gabriel, the eventual 
winner. Meanwhile, Thiery and Re- 
nault were up front, side by side in the 
dust, battling for position at a terrific 
speed. They remained alongside each 
other for three miles, until Thiery 
swerved sharply, thinking he saw an 
obstacle in his path. Renault instinctive- 
ly turned, spun, and plowed into a tree 
in a grinding, twisting crash that killed 
him and destroyed his vehicle. Gabriel, 
roaring to a victory, accomplished one 
of the greatest feats in automobile rac- 


ing history (see cover). He had to pass 

~167 cars to do it, and that he did on 
roads shrouded with dust and littered 
with wreckage. He covered the 342- 
mile course in five hours, thirteen min- 
utes, thirty seconds. 


Soon afterward, France, (Germany, 
Italy, Spain, and Austria put a ban on 
this type of race. Numerous articles 
flooded the magazines and newspapers, 
denouncing the “carnage.” Racing en- 
thusiasts were forced to look for a new 
outlet for their speedy desires. Then 
the “rally, or closed-course race was 
originated, and cars now raced around 
circular ovals as they do in today’s Le 
Mans. The true-blooded speedster of 
yesterday scoffed at this innovation. It 
was inevitable that someone should sug- 
gest that the two types of races be com- 
bined. In 1908, the French Journal, 
Le Matin invited the New York Times 
to share joint conduct of that famous 
event known as the New York-to-Paris 
Automobile Race. 

Madness? The didn’t 


six entrants 


Getting some sleep, one of the crew stretches out between wide-gauge 


railroad tracks in Siberia while 
trains. 


another keeps a sharp eye out for any 
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think so as they raced from the starting 
point—43rd Street, between Broadway 
and Tenth Avenue—on Lincoln’s birth- 
day, February 12, 1908. The lone 
American entrant was the huge $3000 
Thomas Flyer, snatched from the pro- 
duction lines only days before. There 
were three French cars: a De Dion, a 
Moto Bloc, and a tiny, one-cylindered 
Sizaire et Naudin. An Italian Zust and 
a German Protos rounded out the field 
of six. The huge throng of 250,000 
that gathered in Times Square for the 
starting saw the cars take to the road 
as if their destination was but a few 
miles away. 

The drivers agreed to follow a set 
course laid down by the sponsors. They 
would proceed to Albany, then on to 
Buffalo, to Cleveland, Toledo, Chicago, 
Omaha, Cheyenne, Granger, Ogden, 
Reno, Carson City, Goldfield, Dagget, 
Mojave, Saugus, Santa Barbara, San 
Jose, and San Francisco. After a short 
run in Alaska, they would be shipped 
to Japan. After passing Japan by road, 
another sea trip would take them to 
Vladivostok. From there it was Harbin, 
Irkutsk, Tomsk, Omsk, Tyumen, Ekat- 
erinburg, Moscow, Novogrod, St. Pet- 
crsburg, Berlin, and finally, Paris. 

The early pace was too much for the 
little Sizaire et Naudin, and it was 
forced to retire from the race just out- 
side of New York. The Thomas grab- 
bed a steadily increasing lead, and by 
the time Albany was passed and Erie 
came into view, the Americans were well 
ahead. The stretch of road between Erie 
and Toledo was conquered in a day by 
the Flyer, but there was bad weather 
and Chicago was snowbound. The 
Americans shelled out $1000 in towing 
charges throughout the whole of Indi- 
ana, but by the time Chicago was 
reached, the old Flyer had a command- 
ing one-day lead over its nearest rival, 
the Zust, and was a full three days 
ahead of the De Dion, the Moto Bloc, 
and the Protos. 

With the approach of Iowa, the lux- 
uries of the eastern highways (if they 
could be called luxuries) were left be- 
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TO PARIS! 
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Leaving for Vladivostok, the Thomas was lightered out on a sampan. Once 
a ferry sank and the car had to be hauled out with a block and tackle. 


hind. The plains weather was as ex- 
pected—cold. Huge ruts gutted the 
country roads, and driver George 
Schuster of the American car was forced 
to bounce crazily over them in the crisp 
mornings, and plow through the soft 
ooze when the sun was high overhead. 
The straight - framed, big wheeled 
Thomas Flyer stood up well under the 
Nebraska cold, and by the time she 
chugged into Omaha, the Zust was three 
days arears. In Wyoming there were 
no roads at all, just unmarked plains 
and frozen rivers. When the Moto Bloc 
crew quit the race in Iowa, the jolly 
Americans were entering warm = and 
sunny San Francisco, with a twelve day 
margin under their belts. 

According to the rules set up by the 
sponsors, the cars were to be shipped 
by steamer to Valdez, Alaska, via Se- 
attle. From Valdez they would drive to 
Nome and dock for the trans-Pacific 
trip. The Thomas docked at Valdez 
April 8, and added an Arctic explorer 


to the crew. In an earnest effort to ob- 
serve the rules or bust, they prepared 
for their attack on the Alaskan frontier 
amidst the laughter of the citizens of 
Valdez. A wiry old stagecoach driver, 
in a desire to set the Americans straight 
on the terrain ahead, drove them out 
of Valdez where he obligingly bogged 
down in the huge snowdrifts. 

George Schuster and his arctic ex- 
plorer decided that it would be best to 
return to Seattle and book passage to 
Japan. So the Thomas steamed back to 
Seattle and returned to discover a num- 
ber of shocking things had happened 
during their side trip to Alaska. They 
found that the Zust and the De Dion 
had already arrived and left from Se- 
attle, not for Valdez, but directly for 
Japan. To add to their grief, the Pro- 
tos had in the meantime arrived by 
rail from Idaho after a major break- 
down and was likewise on its way across 
the Pacific. This was a direct breach 
of the rules, and the Americans, now 
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In Siberia, where the only bridges were railroad trestle, peasants helped 
the crew to load the two-ton automobile on a railroad flatcar and push it 


across. 


last in the race, protested vigorously. It 
was decided by the rules committee that 
the Protos be penalized thirty days for 
their tactics, and in the interest of fair- 
ness, all cars were to wait in Vladivos- 
tok for the arrival of the Thomas. The 
Americans finally arrived in Japan and 
traversed it in three days. They hop- 
ped a barge at Tsuruga, and were in 
Vladivostok where everything was now 
on an even basis again—but not quite. 
It seems that while they waited in Vlad- 
ivostok, the Protos and the De Dion 
crew had cornered the gasoline market, 
much to the chagrin of the Americans. 
They they did leave Vladivostok, the 
Thomas was running on launch-engine 
fuel with a technical thirty-day margin 
over the Protos. When gasoline was 
finally obtained, the Thomas narrowed 
the margin that the Protos had built up 
and eventually met the German ve- 
hicle which bogged down in the mud 
east of Vladivostok. Here the Americans 
did a singlar thing—they hauled the 
Protos out of the mire, and after shar- 
ing a bottle of wine and a cache of 
stories, forged onward. 


The Protos came into Nikolskoe one 
day behind the “Thomas, and here de- 
cided to forego the prescribed course. 
They took to the Trans-Siberian Rail- 
road tracks. In the meantime, the lead- 
ing Thomas ran into a sea of mud and 
was forced to return to Nikolskoe. ‘The 
persistent Yankees also took to the 
tracks in hot pursuit of the equally per- 
sistent Germans. 


Their wheel tread did not fit the 
wide-guage railway, and the Thomas 
bounced over unballasted ties at fifteen 


24 


miles per hour, lest the wheels become 
jammed between the timbers. It was a 
four or five inch climb over each tie, 
hundreds of times a minute, and it is 
dificult to believe that a car of such 
vintage could take such a beating. But 
take it she did, and when the Thomas 
left the tracks at—Harbin, only: one 
breakdown had resulted and not one 
solitary train had been encountered 
throughout the course of the entire, rat- 
tling trip. 

The Manchurian plains lay in front 
of them, and the Americans took to the 
task of catching the leading Protos with 


the feeling that they were not techni- 
cally twenty-six days ahead, but a full 
four days behind. The Zust and the De 
Dion were hopelessly out of the race. 
The Protos, seemingly unmindful of its 
thirty day penalty, forged on into St. 
Petersburg and then into Berlin, still 
four days ahead of the Thomas. The 
German car held this margin into Paris, 
and the end of the race. Four days later, 
the Thomas was in Paris, and was 
hailed as the winner of the race by 
twenty-six days. The Zust arrived fifty- 
three days after the Americans, and the 
De Dion came in last, fifty-six days out 
of the running. The Americans had done 
tes 

The Thomas was returned to New 
York amidst the wild cheers again of 
thousands of onlookers. George Schus- 
‘ter’s feats were hailed in a gala mayor’s 
reception, and President Theodore 
Roosevelt stepped forward to shake his 
hand. Actually, Schuster and the driver 
of the Protos, Lieutenant Koeppen, 
were the only ones to make the entire 
trip unsubstituted. The “Thomas had 
travelled halfway around the world—a 
distance of well over 12,000 miles—in 
170 days of elapsed time and 112 days 
of running time. 


Today the battered hulk that was 
once the Thomas Flyer lies unrestored 
in a Long Island museum. Curious vis- 
itors view its rusty body with the opin- 
ion that it is beyond repair and that it 
shall never take to the open road again. 
But it is the fondest hope of many a 
man with a memory that some day, per- 
haps very soon, someone will decide to 
rebuild the old crate and take her out 
for a short run on a modern highway. 
And if the New York-to-Paris race is 
ever renewed, do they dare propose that 
the Thomas be entered again? 


In Nevada Indians stopped the car to sit on it and get their pictures taken. 
All along the route people traveled hundreds of miles to see the cars race 
past. All photos courtesy Henry Austin Clark Museum) 
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College eraduates on the way up. 
‘growing with UNION CARBIDE 


IN PRECISION METAL CASTING... 


“Tm a mechanical engineer, Class of “51. Because of my 
interest in foundry work I joined Haynes Stellite Company. 
which has a diversified foundry operation. After a familiari- 
zation program I was assigned to production work in the in- 
vestment casting foundry. I’m now in my second year as a 
foundry foreman, supervising the type of work I like best.” 
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*T’m a mechanical engineer, Class of °51. I started at the 
Tonawanda, N. Y., laboratories of Linde Air Products Com- 
pany, with a small group doing research on fundamentals of 
combustion and jet-burner design. Recently I became the 
technical field representative on this project, responsible for 
field-testing new jet-burners, working with customers under 
actual steelmill operating conditions.” 
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IN PLASTICS DEVELOPMENT Evatt 


“I’m a mechanical engineer, Class of 52. I wanted to work 
on the design and development of new production machinery, 

and Bakelite Company offered me the career I was looking for. 

I’m working in the fast-growing field of plastics, on a variety 
of machine eden and decloouteas pr oblems with the viny ls, 

phenolics, and oo ie lene. To me it’s an ideal assignment.” 


“[ joined Carbide and Carbon Chemicals Company after 
receiving my B.S. in Chemistry in 1950. I started in Process 
Development at the Texas City plant, where I soon found 
myself in the plastics end of the chemicals business. By 1954 
I was production supervisor at a new polyethylene plant at 
Seadrift, Texas, supervising more than 50 men and working 
with top plant management. 


THEY ARE KEY MEN WITH A FUTURE... 


If you are interested in a future in production, development, research, engineering, technical 


sales, or advertising and public relations check the opportunities with any Division of Union 


Carbide. Get in touch with your college placement officer, or write directly to: 


UCC DIVISIONS INCLUDE... 


e Bakelite Company e Carbide and Carbon Chemicals Company 


e Electro Metallurgical Company ¢ Haynes Stellite Company 


e Linde Air Products Company e National Carbon Company 


e Union Carbide Nuclear Company 
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Union CARBIDE 


Mey ee Ak BION COO RATT ON 
UCL 


Industrial Relations Department, Room 406 


30 East 42nd Street, New York 17, N. Y. 
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EARTH 


by Larry Kiefling, M. E. ‘56 


Since the earliest times man has been 
awed by the sight of the sky on a clear 
night. The ancients noticed that a few 
of the objects in the sky were different. 
They moved. These were called planets 
or wanderers and named Venus, Mars, 
Jupiter, Saturn, and Mercury by the 
Greeks. 

While the motion of the planets 
could be predicted, it could not be de- 
fined mathematically when the earth 
was considered as a fixed body. Nicholas 
Copernicus (1473-1543) was one of 
the first to promote the idea that the 
Earth revolved around the Sun. It was 
rather dangerous for a man to have 
ideas which were too radical. Almost a 
centry later, Galileo was convicted of 


treason for questioning religious tradi- 
tions. He said that heavy objects fell at 
the same speed as light objects and 
performed demonstrations to prove it. 

John Kepler (1571-1630) made a 
long series of careful observations of 
Mars and discovered three laws which 
govern planetary motion: 

1. The orbit of a plant is an ellipse 
with the Sun at one focus. 

2. A line joining a planet and the 
Sun sweeps out equal areas in equal 
intervals of time. 

3. The squares of the periods of revo- 
lution of the planets about the Sun are 
proportional to the cubes of their mean 
distances. 

The second law is another way of 


Mars at different times of the year. Advancing and receding ice sheets and 
a wavering band of what is believed to be lichen can be seen. (Courtesy 
of University Observatory) 
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stating that the angular momentum of 
a planet about the Sun is constant. The 
velocity of a planet must increase as it 
gets closer to the Sun! 


By studying the work of Kepler and 
Galileo, Sir Isaac Newton (1642-1727) 
was able to formulate his famous three 
laws of motion and the universal law 
of gravitation. The law of gravitation 
states: ‘Every particle of matter in the 
universe attracts every other particle by 
a force that varies directly as the pro- 
duct of their masses and inversely as the 
square of the distance between them.” 

This law accounts for the motion of 


by Lowell 
showing the “canals.” While visible 


A drawing of Mars 


to some observers by sight the 
canals have never been _ photo- 
graphed. (Courtesy of University 
Observatory) 


all the planets except Mercury to the 
accuracy of astronomical measurement 
(one part in a million). A slight change 
in the orbit of Mercury is due to rela- 
tivity effects! 

All of the planets travel in a plane 
within a few degrees of the elliptic, the 
plane of the Earth’s orbit about the 
Sun. All travel in the same direction 
around the Sun. Data on the planets is 
given in the table “Planetary Data.” 


Earth is the third planet from the 
Sun. It has a mean distance of 92,870,- 
000 miles or one astronomical unit (by 
definition) from the Sun. Sunlight takes 
about four minutes and eighteen sec- 
onds at a velocity of 186,172 miles per 
second to reach the Earth. It has an 
orbital velocity of 18.5 miles per sec- 
ond. Its mean diameter is 7,913 miles 
(7,926.7 at the equator and 7,900.0 at 
the poles) and it weighs 6,600,000,000,- 
000,000,000,000 tons. Its average dens- 
ity is 5.52 times as heavy as water. 
Most of the other properties of Earth 
are fairly well known. 

Venus is the third brightest object in 
the sky. It is about the same size as 
Earth and is the nearest planet to Earth. 
Its orbit is 26,000,000 miles inside th 


orbit of Earth. For this reason it is 
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“seen ouly at morning or evening at a 
limited distance from the Sun. 

The surface of Venus has never been 
seen or the period of rotation determined 
because of a thick atmosphere of dense 
clouds. Large amounts of carbon dioxide 
have been identified in the atmosphere, 
which contains only very small amounts 
of oxygen and water vapor. The cold- 
est atmospheric temperature is about 
—9°F. (—70°F. for Earth) while the 
warmest temperature is about 140° F., 
about the same as our desert on Earth. 

Mars has probably been observed 
more than any other planet. Several 
markings are noticeable on its red sur- 
face. Most conspicuous are the polar 
cap which seem to be composed of snow, 
probably only a few inches thick. The 
most contropersial markings on Mars 
are a series of narrow lines. Schiaparel- 
li and Lowell interpreted these lines as 
artificial waterways used by Martians to 
control the flow of water from the melt- 
ing polar ice caps. One of Lowell’s 
maps of Mars is shown. Mars will be 
close (34,000,000 miles) to Earth in 
August, 1956. This is the closest it 
has been since 1939 and it will not be 
as near again before 1971. Much ob- 
servation of Mars is planned for this 
year. 

Mars has a day of 24.6 hours and a 
year of 687 days. A man on Mars 
would weigh only 38% as much as he 
does on Earth. Water vapor has been 
detected in the thin atmosphere. The 
maximum surface temperature is 86°. 
No great mountains exist on Mars. The 
planet has small satellites, Phobos which 
is only fifteen miles in diameter and Dei- 
mos which is about half this size. The 


Jupiter, the largest planet of the 


solar system. The markings are cloud 


bands and are constantly changing. The conspicuous red spot is in the 
upper left hand corner. (Courtesy Calif. Inst. of Technology) 


seven hour and thirty-nine minute pe- 
riod of revolution of Phobos is less than 
the Martian day, causing the satellite 
to rise in the west and set in the east! 

Mercury, the smallest planet, is only 
0.387 astronomical units from the Sun. 
It can be seen a few degrees from the 
horizon a few days each year. Astrono- 
mers have resorted to daylight observa- 
tion using special filters. Mercury is 


Saturn. The three distinct rings are concentric and in one plane with a 
thickness of not over ten miles. (Courtesy Calif. Inst. of Technology) 
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tidelocked with the Sun, always pre- 
senting the same side to the sunlight. 
The temperature on the hot side is 
about 770°F., while the other side is 
immeasurably cold. Mercury has no de- 
tectable atmosphere. Mercury is very 
similar to the Moon in its composition 
and properties. 

Jupiter is a giant planet with a vol- 
ume over 1,300 times that of Earth. It 
rotates on its axis in only nine hours 
and fifty-five minutes, causing it to 
bulge near its equator. Jupiter appears 
to be composed of a thick outer layer of 
methane gas and frozen ammonia with 
a smaller solid core. 

The most startling marking on the 
surface is the Great Red Spot. This 
red, oval spot is about 30,000 miles 
long. The most amazing property of the 
Spot is that it moves around consider- 
ably on the planet’s surface. Another 
marking, the South Tropical Disturb- 
ance moves irregularly around the sur- 
face in about two years. 

Jupiter has a system of twelve satel- 
lites. The four largest were discovered 
by Galileo soon after he invented the 
telescope. The others are much smaller 
and some can be seen only with the 
most powerful telescopes. 

The most unusual property of Saturn 
is its system of rings. These three rings 
lie in a plane at the planet’s equator. 
The largest diameter is about 170,000 
miles while the thickness is less than ten 
miles. They are the thinest natural plane 
surfaces known to exist. The spaces be- 
tween the rings are caused by gravita- 
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tional effects of Saturn’s satellites. The 
rings are thought to be composed of 
rocks, pebbles and dust. 

Saturn has nine satellites. Ihe most 
interesting is Japhetus. One side of Ja- 
phetus has five times as high a reflectiv- 
ity to light as the other side. The satel- 
lite Pheobe has an orbit of eight million 
miles radius. 


Saturn itself is much like Jupiter ex- 
cept that it is colder and less dense. It 
would float on water if an ocean large 
enough was available. (The density is 
0.72 and the diameter is 71,500 miles. ) 

Uranus and Nepture are two more 
giant planets. Their orbits are far out- 
side that of Saturn at distances of 19.2 
and 31.1 astronomical units from the 
Sun, respectively. These planets cannot 
be seen by the eye. At these huge dis- 
tances the amount of radiation received 
becomes small. The surface of Neptune 
receives less than 1/900 of the heat that 
a similar surface on Earth would re- 
ceive. The surface temperature of Nep- 
tune is about —330°F. 

Although no surface markings can be 
distinguished, -the periods of rotation 
have been determined to be 10 3/4 
hours for Uranus and 15.8 hours for 
Neptune. Large amounts of methane 
can be detected in the atmospheres of 
both planets. Ammonia is not present 
in large quantities in the outer atmos- 
phere due to the low temperatures. 

Uranus has five satellites while Nep- 
tune has only one. 

The position of Neptune was calcu- 
lated by Levernier, a French astrono- 


mer, in 1946 from the deviations in the 
path of Uranus. He sent his predictions 
to the German astronomer, Galle, who 
discovered it on the same night. Nep- 
tune was within one degree of the pre- 
dicted position. 

In 1930, the planet Pluto was dis- 
covered in the outer regions of the solar 
system. The existance and position had 
been predicted separately by Lowell and 
Pickering several years before. 

Pluto is smaller than Earth and un- 
believably dark and cold. Very few facts 
are known about Pluto due to its enor- 
mous distance from the Earth and the 
Sun. 

Venus will be visible in the evening 
during December 1955. Jupiter and 
Mars will be visible in the morning. 


The Table of Planetary Data lists 


many of the known facts about the 
planets, as well as the Sun and the 
Moon. It is suggested that the inter- 
ested reader should read Earth, Moon, 
and Planets by Fred L. Whipple. The 
Table and much of the material covered 
were taken from this source. 


COMMENTS ON THE TABLE 
OF PLANETARY DATA 
Arranged According to the Number 
of the Line 
1. One astronomical unit is the mean 
distance from the Earth to the Sun. 
It is 92,870,000 miles. The mean 
distance from the Earth to the 
Moon is 238,857 miles. Maximum 
252,710 miles. Minimum 221,463 

miles. 


PLANETARY DATA 


N 


The sidereal period is the time of 
one revolution with respect to the 
stars. One tropical year (of the 

seasons) is 365 d. 5 h. 48 m. 46.0 s. 

It is the unit of lines (2) and (3). 

3. The synodic period is the time of 
one revolution with respect to the 
Sun as seen from the Earth. 

6. and 7. Mean values are given. The 
Earth’s equatorial diameter is 7926.7 
miles and its polar diameter 1s 
7900.0 miles. The flattening is one 
part in 297. 

9. The Earth weighs 6,600,000,000,- 

000,000,000,000 tons. 

The weight of a given object on the 

Earth when multiplied by the quan- 

tity in Table 2 becomes the weight 

of th object at the surface of the 

. planet. 

12. An object shot away from the sur- 

face with this velocity would escape 

forever into space (neglecting fric- 
tion with an atmosphere). 

The Sun’s period of rotation varies 
from 24."6 at its equator to 26.°6 

at, latituder3 oe. 

. CO, = carbon dioxide. Formalde- 
hyde, CH,O, may form the clouds 
of Venus. See Chapter 12). CH7== 
methane, and NH, = ammonia. 
The clouds of the giant planets may 
consist largely of ammonia crystals. 
Hydrogen is probably very abun- 
dant in their atmospheres, and 
probably helium too. 

. The albedo is the ratio of the total 

amount of light reflected by the 

planet to the light incident on it. 
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TABLE 2 
Mercury | Venus Earth Moon* Mars Jupiier Saturn Uranus Neptune Pluto Sun 
(1) Mean Distance from 
the Sun in Astronomi- 
caloW nits eo aekeeeres oe 0.387 ORS 1.000 1.524 5e203 aioe, Ges) 30.071} 39.46 
(2)esiderealiPeriodiac. ..- 874.97 |2244.7 |3654.256| 274.32] 6874.0 11¥ 86 29¥ .46 84Y .02 164¥.8 [2479.7 
@)FSynodie Periods. - 11 5OR8 S51 56G 09mm eee 294 53} 7794.9 1y .092 1¥ .035 1y.012 1y.006| 1¥.004 
(4) Eccentricity of Orbit. . 0.206 0.007 0.017 0.05 OnOIS 0.048 0.056 0.047 0.009 0.249 
(5) Inclination of Orbit to 
Biclipties aes ge aces 72.0 30.4 0°.0 50.1 LORS KO. PRO 15) 0°.8 1°.8 17° 
(6) Orbital Velocity, Miles :: 
er Second... . Satie ke DES) 2A, 18.5 0.64 1520) 8.1 6.0 452 3.4 3.0 
(7) Diameter in Miles....|3100. [7700 {7913 2160 M4216 86,700 71,500 32,000 31,000 ? 864,400 
8) Vohime, Earth =1.0.| 0.06 | 0.92 1.00 G02|) “Oisalmiaie 734 64 60 2 |1,300,000 
(9) Mass,Earth = 1.0....] 0.04 | 0.81 1100 4/8056) Ott" 317 94.9 4417 17.2 0.8 | 332,000 
(10) Density, Water = 1.0. 25) 4.86 Doe Sirois) 3.96 1.34 Ona A SVATL IDS ? 1 41 
(11) Surface Gravity, Earth : 
— a IU ements cot Gerace 0.27 0.85 1.00 0.16 0.38 2.64 We / ORD2 2 ? 
(12) Velocity of Escape, , ve Bf: 
Miles per Second..... DP) 6.3 7.0 15 Sil Sil 22 13 14 ? 383 
(13) Period of Rotation...| 884.0 ? 14,0274. 3 | 24h-6 gh 9 10b.2 10h,7 15h.8 ? 25d 
(14) Maximum Surface 
Temperature Fahren- 
Ste ome ia aes 770° 140° 140°? PANE 86° — 216° — 243° — 300°? — oe, — P, 2 
(15) Gases Identified in At- ie a td ea 
AMOSPMELE Ne anise syeceiie None CO: Many None H20? CH, CH4 CH4 CH4 None Many 
NHs3 NH3 NH3 NHs3 
(16) Number of Satellites. . 0 0 1 0 2 12 9 Ss 1 0 
(UID) INUSTECNO.. os oh owe hes 2 0.07 (0). 59) Om5S2, 0.07 Opa) 0.44 0.42 0.45? 0.52?) Small 
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* Orbital elements about the Earth. 


Taken from “Earth, Moon, and Planets,” by Fred L. Whipple 


(Used by permission of Harvard University Press) 
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Use of the transistor in Bell telephones 


Shown here are the parts of the small amplifying unit in Western Electric’s 
new Volume Control Telephone. 


Because of the use of a transistor (shown above, extreme left on index 
finger) this amplifying unit is no larger than an ice cube and can fit 
inside the housing of a standard telephone. 


Manufacturing of transistors on a commercial basis represents a solid 
engineering achievement... for it means volume production of an item that 
must be made under rigidly controlled laboratory conditions. For example, 
harmful impurity atoms in the germanium must be reduced to less 


than 1 for every 10,000,000,000 germanium atoms and then helpful VOLUME CONTROL TELEPHONE: 
impurity atoms added until there is approximately 1 for every 50,000,000 A twist of control knob increases 
germanium atoms. listening volume...a boon to those 
Western Electric has been making transistors since 1951 when our who have difficulty hearing. 


engineers set up the first commercial production line. This history-making 
achievement is representative of the way we work as the manufacturing oA, 
unit of the Bell System...translating Bell System designs and inventions il JEecHAe 
into the many things—from tiny semi-conductors to huge switching Woste 

systems—used in the nationwide Bell telephone network. =< 


It’s a job that presents an unending challenge to our engineering staff. PATER ORURTHGTANDISUPPLV: so UNITIOR THE BELUSYSTEM 


Manufacturing plants in Chicago, Ill.; Kearny, N. J.; Baltimore, Md.; Indianapolis, Ind.; Allentown and Laureldale, Pa.; Burlington, 
Greensboro and Winston-Salem, N. C.; Buffalo, N. Y.; Haverhill and Lawrence, Mass.; Lincoln, Neb.; St. Paul and Duluth, Minn. 
Distributing Centers in 29 cities and Installation headquarters in 15 cities. Company headquarters, 195 Broadway, New York City. 
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The time was never 

more opportune than now 
for becoming 

associated with the field 


of advanced electronics. 


Use 
Your 


Because of military 
emphasis this 


is the most rapidly 


Mailitary 
‘Training 


growing and 
promising sphere of 
endeavor for the young 


electrical engineer 


or physicist. 


Hughes-equipped 
Northrop Scorpion 
F-89D all-weather 
interceptor. 


E.E. o PHYSICS GRADUATES 
Scientific Staff with experience in 


Relations RADAR or ELECTRONICS 


or those desiring to enter these areas... 


Since 1948 Hughes Research and Develop- 
ment Laboratories have been engaged in an 
expanding program for design, development 
and manufacture of highly complex radar fire 
control systems for fighter and interceptor 
aircraft. This requires Hughes technical ad- 
visors in the field to serve companies and 
military agencies employing the equipment. 
As one of these field engineers you will be- 
come familiar with the entire systems involved, 
including the most advanced electronic com- 
puters. With this advantage you will be 
ideally situated to broaden your experience 
and learning more quickly for future applica- 
tion to advanced electronics activity in either 
Culver City the military or the commercial field. 

Los Angeles County Positions are available in the continental 
California United States for married and single men 


under 35 years of age. Overseas assignments 


are open to single men only. 
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Sally Barton is our Techno- 
cutie for December. This pert 
young Miss is from Chicago 
and she is a junior in the 
School of Education, major- 
ing in Elementary Educa- 
tion. Sally is the chairman 
of the religion emphasis 
committee at the YWCA on 
campus. She was Miss Ohio 
State in the Homecoming 
Queen’s court this year, and 
last year she was an Illio 
beauty finalist. In her spare 
time, Sally enjoys tennis 
and volleyball. Sally is 19, 
stands 64 inches tall, scales 
at 110, and she measures 
34-24-34 in the right places. 
This blonde, blue-eyed cutie 
is a member of Kappa Kap- 


pa Gamma on campus. 
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Factory testing OT 
“U.S? electrical wires and 


In Cable Testing, Part I (No. 9 in the series) this subject was out- 
ined in a general way and Factory Tests on Entire Lengths were 
liscussed in somewhat greater detail. Part II concludes this subject 
ind discusses (in some detail) sample and miscellaneous tests 
nade at the factory and tests after installation. 


SAMPLE TESTS 


These tests, as the name indicates, are made on short samples 
elected at any stage during manufacture or from the completed 


>able. 


CONDUCTOR TESTS. Dimensional tests, tensile strength, elongation 
und quality of coating tests are made on the conductor to insure 
hat the processing operations have been performed properly and 
hat the conductor will meet the specification requirements. 


NSULATION AND JACKET THICKNESS. The minimum and average 
hickness of insulations and jackets are determined by suitable 
nicrometers or micrometer microscopes to determine compliance 
vith the thickness requirements. 


PHYSICAL TESTS. These tests determine the tensile strength, elonga- 
ion, tensile stress and set of rubber and rubber-like or thermo- 
lastic insulation and jacket compounds. Tensile strength and 
longation are measured at the breaking point. Tensile strength 


in pounds per square inch is calculated from the cross-sectional 
area of the original test specimen. Elongation is expressed in per 
cent of the unstretched length. Tensile stress is the tension in 
pounds per square inch required to elongate a sample a given 
amount, usually 200 per cent. Set is a measure of the recovery 
after a specified elongation. 


AGING TESTS. These.are accelerated tests in which the effect of 
heat and/or increased oxygen concentration on the tensile strength 
and elongation of insulations and jackets is determined. The results 
of such tests indicate the temperature (conductor temperature) at 
which such insulations or jackets will operate continuously and 
their life-expectancy at higher temperatures. For example, an in- 
sulation that'shows not more than 25 per cent depreciation in 
tensile strength and elongation after 96 hours in the oxygen bomb 
at 70° C is suitable for continuous operation at 60° C while an 
insulation that shows not more than 25 per cent depreciation in 
these characteristics after 168 hours in the oxygen bomb at 80° C 
is suitable for operation at 75° C. 

Electrical tests, such as voltage breakdown, insulation resistance, 
power factor, etc., are frequently made during the development 
of insulating compounds to determine the effect of such aging on 
these properties. Such tests, however, are generally not covered 
by industry specifications, 


MOISTURE ABSORPTION. The effect of moisture on the properties 
of insulations is important, particularly where they are exposed 
directly to water in service. Moisture absorption is determined by 
the gravimetric method and by the electrical method. In the gravi- 
metric method a suitable sample is weighed, immersed in distilled 
water for 7 days at 70° C and reweighed. The gain in weight is 
expressed in milligrams per square inch of exposed surface. In the 
electrical method, the sample is immersed in water at 50° C and 
its capacitance is determined after one, seven, and fourteen days. 
The increases in capacitance from the first to the fourteenth and the 
seventh to the fourteenth days are a measure of moisture absorbed. 
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ZONE RESISTANCE. To determine the effect of ozone on insula- 
ons or jackets, a sample is bent around a mandrel of such diameter 
jat the material under test is stretched about 15 per cent and then 
xposed to an atmosphere containing ozone at room temperature. 
me of two concentrations of ozone, namely 0.013 or .027 per 
ent is used, depending on the type of insulation. Acceptable insu- 
itions must withstand such exposure for a specified time without 
racking. Ozone resistance is generally required only on those com- 
ounds designed for operation at above 5001 volts. 


APACITY AND POWER FACTOR. The dielectric constant and power 
yctor are important characteristics of insulations designed for use 
n high-voltage power circuits or on most communication circuits 
nce they are a measure of the energy absorbed by such insulations. 
he dielectric constant is calculated from capacity measurements 
n a sample of known dimensions. For high-voltage cables, these 
leasurements are made at the operating voltage of the cable at a 
equency of 60 cycles after immersion in water for 24 hours. For 
ymmunication cables, the measurements are generally made at 
000 cycles with about 20 volts applied to the insulation. 


ables =Fart 2 (plus tests after installation) 


DIELECTRIC STRENGTH TEST. Samples of insulated cables designed 
for operation at voltages above 5001 volts are required to with- 
stand for five minutes the application of a voltage twice the factory 
test voltage after immersion in water for at least one hour. Follow- 
ing this test, the voltage on the sample is increased 20 per cent and 
held for five minutes. This cycle is repeated until breakdown occurs 
and the breakdown voltage recorded for information only. 


COLD BENDING AND LONG-TIME DIELECTRIC STRENGTH. Samples 
of cables designed for operation at voltages above 5001 are re- 
quired to withstand bending at —10° C around a mandrel approxi- 
mately ten times the cable diameter followed by the application of 
the factory test voltage for two hours. This test insures that the 
insulation and jacket have the required flexibility to withstand 
bending during installation. 


MISCELLANEOUS TESTS. Numerous additional tests are required by 
specifications for wires and cables to determine their suitability for 
their particular applications. The more important of these include, 
abrasion, compression, cutting, low-temperature, tear and weather- 
ing tests on insulation and jacket compounds, and abrasion, bend- 
ing, compression, flame and twist tests on completed cables. The 
results of such tests are of great value in the design of new types of 
wires and cables. 


TESTS AFTER INSTALLATION 


Wire and cable industry practice permits the application of an a-c 
voltage equal to 80 per cent of the factory test voltage for five 
minutes to metallic-armored, lead-sheathed or shielded cables im- 
mediately after installation. For proof-testing 75 per cent of the 
factory test voltage may be used. When a d-c test is used, its value 
for ozone-resistance insulation is three times the a-c value. 

To obtain reprints of this advertisement, write Electrical Wire 
& Cable Department, Rockefeller Center, New York 20, N. Y. 
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16 TIMES “AROUND THE WORLD" 


AND NEVER OFF 


\ ae KIND of double talk is that— 
“16 Times Around the World, and Never 
Off the Ground ?” 

It’s like this. With Allison’s entry into 
the commercial airline field, there is a 
need for flight data on turbo-prop engines 
before they are put into regularly sched- 
uled commercial service. In the absence of 
actual data, Allison is running a 1000-hour 
testschedule witha Model 501 turbo-prop 
engine mounted on an outdoor test rig. 

In reality, 1000 hours of flying time 
represents about 16 times around the 
earth, is the equivalent of about 4 months 
of normal, commercial airline usage. 

For this test, actual airline operating 
schedules are used. This means that the 
engine is run through complete cycles of 
starting, ground idle, take-off, climb, 
cruise and descent for landing, and the 
cycle is repeated continuously round the 
clock as the schedule simulates trips of 
from 250 to 2500 mile blocks. 

One of the young engineers who has 
been working on the project from the 
start is Donal J. Nolan, shown above at 
the test instrument control panel. Don 
is assistant chief, installation engineering 
at Allison. After his graduation in °42 


36 


THE 


from Case Institute of Technology, he 
came to General Motors in 1943 with a 
degree in ME. 

Commercial acceptance of the Allison 
turbo-prop engine started with the pur- 
chase of a quantity of Allison-powered 
Lockheed Electras by American Airlines. 
This initial purchase, plus plans of other 
leading airlines to adopt the Electra, 
opens a new chapter in the growth and 
development of Allison Division of Gen- 
eral Motors Corporation. Already a 
leader in the design, development and 
production of turbo-jet and turbo-prop 
engines for military use, Allison is under- 
way with a long-term engineering expan- 


CITE 


GROUND! 


sion program covering advanced military 
and commercial engine installations. 
This $75,000,000 program, providing for 
newest engineering and research facili- 
ties, intensifies the immediate need for 
engineers. 

Opportunity for young graduate engi- 
neers is unlimited at Allison. Arrange 
now for an early interview with our rep- 
resentatives On your campus, or write 
now for information about the possibili- 
ties of YOUR engineering career at 
Allison: R. G. GREENWooD, Engineering 
College Contact, Allison Division, Gen- 
eral Motors Corporation, Indianapolis 
6, Indiana. 
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| The University of Illinois . . . 


the sake of the records. The develop- 
ing must also be done in darkness, so 


S t 
by Joan Cederstrand 
In a small building called the South 
Dome, across the road from the old 
cemetery and the main campus, there 


is a modest photographic telescope. It 
has a four-inch aperture and is an ex- 
cellent and instrument on which the 
amateur may develop his techniques. It 
is no longer used for extremely precise 
and exacting work because of its small 
size and poor location, but for the de- 
voted student astronomer, it provides 
opportunities to do work in stellar pho- 
tography far beyond those available to 
the average amateur. Tonight we are 
going to take advantage of these op- 
portunities. 


Because the “‘seeing,’’ or atmospheric 
clarity, is not usually very good in the 
early part of the evening, most of our 
observing and photographing is done 
after midnight. So, at about half-past 
eleven one chilly night we enter the ob- 
servatory for a night of photography. 
Two of us go upstairs to open the 
dome and let the telescope cool off. 
The camera telescope must be at the 
same temperature as the outside air, or 
rising air currents will cause the stars 
to scientillate even more than is usual 
in this area. Unfortunately, the dome 
has frozen shut, so that one of us must 
climb out and ‘‘walk the dome” around 
to break up the ice. Leaving the dome 
open, we retire to the darkroom, which 
occupies the main part of the observa- 
tory below the telescope room, to pre- 
pare for the night’s work. We have de- 
cided to add to our growing photogra- 
phic catalogue of the Messier objects 
(named after their discoverer) by tak- 
ing some exposures of the Great Nebula 
in Orion (M42) and, if all goes well, 
we will also attempt to photograph the 
Crab Nebula in the constellation Tau- 
rus. 

It is necessary to load the plate into 
the film holder in complete darkness, 
and mark it with a serial number for 
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while waiting for the telescope to come 
to temperature equilibrium we keep busy 
in setting out developer and hypo. With 
pans and solutions readily at hand, 
there will be no difficulty when the 
lights are turned off. 


One of us steps outside to evaluate 
the night in terms of transparency and 
atmospheric stability, and he decides that 
it is about a class five night—good for 
pictures. We write our names, the ob- 
ject we are photographing, the plate 
number, and our estimate of the “‘see- 
ing” in the logbook and then decide that 
it is time to load the film. Off go the 


lights, and we carefully open the pack- 
age and try to decide which side of the 
plate the sensitive photographic emul- 
sion is on. The taste test suffices, as 
usual, and the film goes in. We leave 
the sliding shutter about a quarter of 
an inch open at one end and write on 
the emulsion the serial number of the 
plate, which we hope we have remem- 
bered correctly. We snap the plate hold- 
er shut, turn on the lights and go up- 
stairs. 

Now we iwiuse aim the telescope to- 
ward the Orion Nebula, we we look 
out to see where Orion is, and rotate 
the dome so that the constellation can 
be seen through the open slit. We check 
the star clock, find the declination and 
right ascension (hour angle) of the ob- 
ject, calculate the positions for the set- 
ting circles, and aim the telescope ac- 
cordingly. Now we look through the 
small sighting telescope on the big tube 
and see if we have done our calcula- 
tions correctly. At last the final adjust- 
ments are made, and we are ready to 
set the plate holder in place. It is cold 
in the dome now, and a rather nasty 
wind is blowing, but all of our work 
must be done with bare hands, since it 
would be quite dificult to perform an 
operation of this sort with gloves on. 
The catch on the plate holder sticks a 
little at first, but finally we are ready. 
Fortunately, it is not necessary to guide 
the telescope by eye, an operation de- 
manding great patience and, at times, 
extreme flexibility of the neck. To do 
this, one must sit with the eye pressed 
to the eyepiece of the long tracking 


The author, Joan Cederstrand, tracking a star by eye while taking a photo 
with the 4 inch telescope. 
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telescope which is mounted on the main 
telescope tube. Electric control buttons 
must be manipulated so that the cross- 
hairs in the eyepiece remain centered 
very carefully on a star in the field. 
Constant adjustments of right ascension 
and declination are an absolute neces- 
sity. After about an hour of this, the 
eyes may be ready to fall out of their 
sockets, but perseverance will bring its 
own reward in excellence of definition. 
For our purposes tonight, however, the 
clock drive that automatically makes 
the telescope follow the stars will be 
quite satisfactory. One of us looks at his 
watch and then switches off all the 
nights, while the other pulls out the 
sliding shutter, exposing the plate. We 
make our way down the black stairwell 
and close the door carefully: the tiniest 
glint of extraneous light could ruin our 
picture. Now we may have a dim light 
downstairs. 


It seems a good time to break out 
the thermos bottles of hot coffee and the 
package of sandwiches which we have 
provided for ourselves. Our exposure 
time for this plate is to be one hour, and 
so we settle down to eat and wait. 

We are members of the University of 
Illinois Astronomy Society, a small body 
of interested students who gather in the 
big observatory on the main campus 
each Monday at the nineteenth hour to 
hear a lecture given by one of the mem- 


bers, and to discuss our going projects 
and various developments of astronomi- 
cal science. As we sit in the small room 
below the camera telescope awaiting the 
end of the exposure time, the talk 
among ourselves naturally drifts to the 


A photograph of one of the Mes- 
sier group taken by the telescope 
of the South Dome Observatory. 


activities of the astronomy club. Our 
president, Ed Croke, is with us in the 
south dome tonight, and he mentions 
that the six-inch reflecting telescope is 


Then the chances are that Frick engineering and production 


facilities can serve you. 


We specialize in custom-built refrigerating and air conditioning 
equipment: our engineers, designers, foundrymen and mechanics 
team up to handle those unique jobs which other manufac- 


Fourteen Frick ‘“‘ECLIPSE”’ 
compressors are used by 
Sperry at Great Neck. 
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WAYNESBORO, PENNA. 


One of 12 Test Cham- 
) bers at Sperry Gyro- 
scope, Great Neck, L. I. 


turers hesitate to accept. 


We just furnished, for ex- 
ample, a 25-foot shell, over 
7 feet in diameter, with 
complete equipment for 
conditioning air at 100 
pounds pressure for a huge 
wind tunnel. 


Tell us what you need— 
we'll do the rest! Branches 
and Distributors in principal 
cities, the world over. 


The Frick Graduate Train- 
ing Course in Refrigeration 
and Air Conditioning, oper- 
ated over 30 years, offers a 
career in a growing industry. 


DEPENDABLE REFRIGERATION SINCE 
WA 


now in working order after having been 
rebuilt in the Society workshop and can 
be mounted on one of the concrete piers 
out on the grounds. We are all pleased 
to hear this, as the instrument is fun for 
“sight-seeing” on clear nights. One of 
us inquires whether the spectroscope is 
available to the club yet, and the answer 
is that it soon will be, and that we will 
be able to begin spectroscopic studies of 
astronomical objects within a very short 
time. Another suggests the possibility 
that the Society might assist the Ameri- 
can Association of Variable Star Obser- 
vers, under their direction, by institut- 
ing a series of organized studies of vari- 
able stars, including measurements of 
their brightnesses and calculations of 
their periods. This preciptates a discus- 
sion of the sort of photometric appar- 
atus we might need, perhaps to be used 
with the twelve-inch refracting  tele- 
scope, perhaps with other optical equip- 
ment at the observatory. The matter is 
taken under advisement to be discussed 
again at a future club meeting under 
more formal conditions than those which 
exist among the few members who have 
gathered in the south dome. 


By now it has grown decidedly cold 
in the observatory, and our enthusiasm 
would soon start to wane were it not 
for the fact that our exposure time is 
up. We make a last check of the devel- 
oping equipment to make certain that 
everything is in order, turn off the 
lights, and feel our way back into the 
dome. After a period of groping in the 
dark, we locate the sliding shutter and 
push it back into place. Now the lights 
come on and we remove the plate hold- 
er from the telescope and return to the 
darkroom. Off go the lights again as we 
slip the plate out of its holder and slide 
it into the developing solution. Extreme 
care must be taken not to mar it with 
fingerprints in the process. A few min- 
utes in the developer, a quick dip in the 
water bath, and then into the hypo. An- 
other wait, and we slip the plate into 
the running-water bath and wash _ it 
thoroughly. At long last the lights come 
on and we can look at our picture. Upon 
close inspection, we find that it has 
turned out very well indeed. Enthusias- 
tic, we make preparations for a second 
plate, this time a photograph of M1, 
the Crab Nebula in the consellation 
Taurus. 

And so the night goes. With our pho- 
tographic work complete, we pack up 
our things and close the observatory, 
leaving our hard-won plates in a bath 
of running water. Is there a faint sug- 
gestion of dawn in the eastern sky? If 
we are a bit groggy during our morn- 
ing classes, perhaps we may be forgiven, 
for we have one good plate each of M1 
and M42 and a third only slightly fog- 
ged—well worthy of exhibition at the 
next Astronomy Society meeting and in- 
clusion in our photographic catalogue. 
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Join the company that serves 


3 GROWTH INDUSTRIES 


Match your engineering talents to the future needs of the con- 
struction, power and manufacturing industries. These are grow- 
ing needs—for the population is climbing at the amazing rate 
of 50,000 people every week! 


Many billions of dollars for highway construction alone are 
called for by the President in the next ten years. Allis-Chalmers 
builds equipment used in making cement, aggregate and steel 
as well as earth movers and graders. 


Electric power generation will double in ten years. A-C builds 
the machines that make electricity. 
Manufacturing output must increase $3.5 billion by this time 


next year. Allis-Chalmers builds motors, control, drives and 
many other types of equipment for this industry. 


Here’s what Allis-Chalmers offers to Young Engineers: 


A graduate training course that has been a model for industry 
since 1904. You have access to many fields of engineering: electric 
power, hydraulics, atomic energy, ore processing. 

There are many kinds of work to try: Design engineering, 
application, research, manufacturing, sales. Over 90 training 
stations are available, with expert guidance when you want it. 
Your future is as big as your ability can make it. 

Or, if you have decided your field of interest and are well 
qualified, opportunities exist for direct assignments on our 
engineering staff. 


In any case—learn more about Allis-Chalmers. Ask the A-C 
manager in your territory, or write direct to Allis-Chalmers, 
Graduate Training Section, Milwaukee 1, Wisconsin. 
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CONSTRUCTION— 
Tremendous rotary 
kilns, like these, typify 
Allis-Chalmers role in 
the cement industry. 


MANUFACTURING —A-C aids high speed pro- 
duction and helps improve quality with dielectric 
sand core dryers like the one above. 


POWER GENERATION—Growing use for 
power means growing demand for A-C steam 
turbines, transformers, and other equipment. 


LLIS-CHALMERS 2 
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The J-57, in the 10,000-pound thrust class, is the most powerful turbojet engine now in production. A new generation of U.S. air 
power has been designed around this mighty new Pratt & Whitney Aircraft engine. 
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Master Lens Maker .. . 


BERNHARD SCHMIDT 


by David Webster, F.A.A. ‘56 


Bernhard Schmidt grinding a lens in his laboratory. He is pictured wearing 
his most eccentric trademark — a full dress black suit complete with tails. 
Outdoors the outfit was always topped by a long black stovepipe hat. 


Bernhard Schmidt was born March 
30, 1879, on the little island of Nargen 
in Estonia. The existing American and 
European literature dealing with optics 
based on Schmidt’s great idea contain 
almost nothing about the man himself. 
However, Professor Walter Baade of 
the Mount Wilson Observatory was in- 
timately associated with Schmidt, and 
it is through him that the present 
knowledge of Schmidt’s life is known. 

Nargen is only five miles long and 
about half as wide and lies in the Gulf 
of Finland, 12 miles off the coast from 
Tallinn, Estonia, and about 40 miles 
south of Helsingfors, Finland. 

Schmidt’s Swedish mother and Ger- 
man father were deeply concerned with 
religious training of their son in the 
Lutheran faith, but their influence 
seems not to have been uniformly suc- 
cessful. On a certain Sunday morning 
when he was about 11, young Bernhard, 
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though dressed in his Sunday best, was 
not in church but instead out in the 
fields trying out a batch of gunpowder 
of his own manufacture. He packed it 
into a piece of metal pipe to assure a 
good bang. The powder proved to be 
so good, and the tamping so well done 
that when the explosion did occur it 
cost him his right hand and forearm. 
The boy was tough, however, and re- 
sourceful. He washed the stump in a 
brook, improvised a tourniquet and made 
it home unaided, apprehensive principal- 
ly of anticipated parental wrath over a 
blood-drenched Sunday suit. 

Though this ended Bernhard’s experi- 
ments in ballistics, it did not dampen 
his interest in mathematics and the phys- 
ical sciences. From his friend, the vil- 
lage druggist, he obtained a few photo- 
graphic plates and a description of a 
camera that the latter had once seen, 
and then using a cigar box and the but- 
tom of a beer bottle that he had ground 


into a lense in a saucer of fine sand, 
built a camera and actually took pic- 
tures with it. 

Toward the end of the century, 
Schmidt enrolled as an engineering stu- 
dent at the Institute of Technology at 
Gothenburg, Sweden, where he special- 
ized in optics. The library received 
most of his attention and here, among 
other papers on optics, he was particular- 
ly attracted by those of Dr. Karl Strehl, 
a physics teacher in a_ technological 
school in the little German town of 
Mittweida near Jena. 

As soon as Schmidt could finance the 
trip, he traveled to Mittweida, to seek 
out Dr. Strehl, only to find that the 
latter had moved away four years 
earlier. Apparently Schmidt liked the 
environment, however, because he stayed 
on in Mittweida for a quarter of cen- 
tury, supporting himself by making mir- 
rors and lenses, and soon established a 
reputation as an unusually excellent 
source of small parabolic mirrors for 
amateur astronomers. Presently orders 
came from the professionals as well, and 
eventually Schmidt came to be recog- 
nized as one of the ablest of the Ger- 
man astronomical opticians. 

He scorned regular employment, in- 
cluding offers from the great German 
optical houses, and accepted orders for 
mirrors and lenses only as the spirit 
moved him and always without guar- 
antee as to delivery date. He was a 
bachelor and his wants were few. Sim- 
ple lodgings, cognac, cigars, a little food 
and freedom from regimentation—these 
were all he asked; and even at the mod- 
erate prices he charged, a few jobs each 
year supplied his needs. But though he 
was satisfied to work in this sporadic 
fashion, German astronomy was not sat- 
ished, and wanted more and more of 
the precise work that he was so pe- 
culiarly able to perform. 

In 1920 Schmidt had made several 
mirrors for the Hamburg Observatory 
in Bergedorf and in 1926 Schorr, the 
director of the observatory, finally in- 
duced him to move to Bergedorf and 
share the living quarters of the younger 
unmarried astronomers. This arrange- 
ment was informal and Schorr describes 
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One of the most famous applications of the Schmidt lens principle, the Big 
Schmidt at the Palomar Observatory which has just completed a complete 
skymap of the entire visible universe. (Courtesy Calif. Inst. of Technology) 


Schmidt as a “voluntary colleague,” an 
arrangement that avoided his intense dis- 
taste for restrictions on his hours of 
coming and going, working and wan- 
dering, and still gave the Hamburg 
astronomers first call on his work when 
and if he felt inclined to work. 

From the first years of his residence 
in Bergedorf, Schmidt’s mind was at 
work on overcoming the limitations of 
the reflecting telescope. Up to that time 
only parabolic mirrors were in use be- 
cause only such a mirror would form 
an accurate focus. A spherical mirror 
could be used only if a diaphram with 
a very small opening was set up at the 
center of curvature. This limited the 
usable portion of the mirror to just the 
center, and also limited the speed of 
the telescope. Schmidt devised a thin 
glass plate with an extremely shallow 
toroidal curve ground into one of the 
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surfaces. Light traversing the center of 
this plate would pass to the mirror un- 
deviated while that passing through the 
intermediate and peripheral zones would 
be deviated just enough to assure that 
on reflection by the mirror it would be 
focused sharply onto a_ spherically 
warped film plane. For practical pur- 
poses the results would be the same as 
though a very small central stop had 
been used except that the light-gathering 
power of the system would be enor- 
mously greater. 

Schorr in his energetic fashion urged 
Schmidt to get on with the work but 
to no avail. Schmidt continued as_be- 
fore on his seemingly aimless walks. 
Finally in the winter of 1929-30 he re- 
marked that he had finally devised an 
elegant solution for the figuring of the 
plate but for some of the details he 
needed to consult a treatise on elasticity. 


. 


After about a week of library work 
Schmidt announced he was ready to 
proceed with the grinding. He used a 
heavy metal pan of carefully calculated 
diameter and with its upper edge ground 
to a precise bevel based on the coefficient 
of elasticity of the particular glass plate 
to be used. The glass plate (of greater 
diameter than the pan) was sealed to 
the pan, and then, by means of a hand 
pump and a manometer, air was ex- 
hausted until a slight negative pressure 
was developed. This caused the glass 
plate to warp slightly, the center being 
low, and the edges being high. Schmidt 
then ground the plate until its upper 
surface was again plane. When the 
vacuum was released the plate sprang 
back until its bottom surface was once 
more plane, its upper surface being 
slightly figured. 

The diameter of the correcting plate 
was 14.2 inches and the diameter of 
the front surfaced mirror was 17.3 
inches. The mirror had a radius of cur- 
vature of 49.2 inches and the speed of 
the system was f/1.7. 


Using the camera as a_ telescope, 
Schmidt and a friend amused them- 
selves by reading the epitaphs on the 
tombstones of a nearby cemetary, and 
by looking at various buildings in the 
distance. On the famous windmill pic- 
ture you could actually count the twigs 
on some of the distant trees, even though 
it was taken on a moonless night at a 
distance of two miles. 


Schmidt’s original vacuum bending 
method of generating the proper correct- 
ing curve was and is very successful. 
The only difficulties are: (1) The plate 
will usually break if bent down enough 
to generate a curve for cameras f/1.5 
or faster. (2) One can, by ordinary 
methods, make a correcting plate before 
he can compute the necessary curva- 
tures and collect or make the necessary 
pumps and auxiliary apparatus. (3) For 
very fast cameras the curve obtained is 
not sufficiently exact and requires con- 
siderable hand correction. The reason 
for this is that as soon as one grinds 
for a while, the deflection is not that 
for a parallel plate. 


Schmidt was a great believer in trade 
secrets and did not publish or other- 
wise devulge his method of correcting 
plates except to a few intimate friends, 
and thus almost lost priority for the 
method. He worked with his left hand, 
his only hand. He always used relative- 
ly thin glass tools, never iron tools. He 
never used machines. He was iminently 
successful in other engineering and sci- 
entific fields, such as aerodynamics, gas- 
trophotography, the manufacture of 
large micrometer screws of great pre- 
cision, and the making of spectrohelio- 
scopes. 

Bernhard Schmidt died on December 
1, 1935 in Hamburg, Germany. 
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A comparison of one of the earliest 
pictures taken with the aid of Schmidt 


lenses. 


The photo on the left was taken 
on a moonless night by Schmidt him- 
self, at a distance of two miles. The 
photo above is an example of the 
work of the Big Schmidt at Palomar 
(see opposite page). (Courtesy Calif. 
Inst. of Technology) 


47 


THEORY 
OF THE 
LENS 


The outstanding defects in the images 
formed by lenses and mirrors are spher- 
ical aberration, coma, astigmatism, cur- 
vature of the field, distortion, and for 
lenses in particular chromatism. Of 
these defects, only one is distributed uni- 
formly over the whole field; this de- 
fect is spherical aberration; all other 
defects are proportional to their dis- 
tances from the axis. 


A spherical mirror has no axis and, 
furthermore, a mirror is perfectly acro- 
matic, so, if we could find a method 
of eliminating spherical aberration from 
the images produced by a spherical mir- 
ror, we would have an ideal system. 


Spherical aberation is caused by rays 
from various zones failing to come to 
the same focus; the more distant the 
zone is from the central ray the closer 
its focal plane is to the mirror. This de- 
fect, for spherical concave mirrors, is 
shown below at A. If we place a very 
small aperture in a screen at the center 
of curvature of a spherical concave mir- 
ror, as shown at B; this aperture will 
limit the size of the incident beam so 
that the center and outer zones will 
come practically to the same focus. If 
the incident beam is swung about the 
point o, all parts of the mirror will be 
illuminated in turn, and the focus will 
trace out a spherical curve ff, which has 
its center at o. The small aperture, how- 
ever, limits the speed of the system to 


less than £/10. 


If the size of the aperture is increased, 
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Dr. Russell W. Porter with the Palomar Observatory’s 8-inch portable F-1 
Schmidt which he designed. This is only one of hundreds of examples of 
the fine Schmidt telescopes which are in use today. (Courtesy Calif. Inst. 
of Technology) 


to increase the speed, the focus is no 
longer sharp because spherical aberra- 
tion is now appreciable, but this can 
be counteracted by introducing equal 
and opposite aberrations into the inci- 
dent beam, as shown in C. This is the 
function of the Schmidt plate. This is 
a very thin lense placed at a point which 
is nearly at the center of curvature of 
the mirror. This lense is ground to a 
complicated curvature which mathema- 
ticians call a “fourth degree surface.” 
The face toward the mirror is plane and 
that on the opposite side is convex in the 
center and concave toward the edge. 
The maximum departure from flatness 
on the curved surface is very small, and 
for a correcting lense of 7 inch aperture 
it is only 0.00039 inch! 


One of the chief advantages of a 
Schmidt camera is that it covers a larger 
area of the sky compared to the ordi- 
nary reflecting telescope. For a compari- 
son, most large telescopes cannot cover 
more area of the sky than is occupied 
by the full moon. The 48 inch Schmidt, 
at Palomar, on a single photograph can 
cover an area of the sky approximately 
equivalent to 250 full moons. Another 
advantage is its speed. The 48 inch 
operates at £/2.5, which makes it faster 
than the 100 inch (f/5) and the 200 
inch (f/3.3), and therefore requires less 
exposure time. The disadvantage of a 
Schmidt, however, is its short focal 
length. The 48 inch Schmidt can only 
reach out 1/3 the distance that the 200 
inch can. 
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(A message from IBM—where progress is engineered) 


Pioneer 
or ““Routineer’’? 


iw om 


In simplest possible terms, there are two basic courses 
open to you when you apply your engineering degree in 


the business world... you can “routineer” or pioneer. As 
a routineer you will fill in the details of other men’s 
concepts. As a pioneer you will operate on the frontiers 
of your chosen field—helping originate new concepts. 


Which course you follow depends largely on the field you 
select and the company you join. 


There is underway today, in business, science, and govern- 
ment, a quiet but far-reaching revolution in the automation 
of oflice equipment and procedures. The use of electronic 
data processing machines—for performing complex scien- 
tific computations... for handling huge volumes of business 
data—is still in its infancy. For engineers in data 
processing, new horizons unfold in endless succession. 


IBM's leadership in the field of data processing is due 
largely to our reliance on pioneer engineering. Many 

years ago IBM deliberately set out to build the kind of 
engineering climate ... the facilities, the freedom, the 
associations .. . that would attract and stimulate the pioneer. 


If you want to pioneer in a dynamic new field, IBM offers 
an unusual opportunity to make important and rewarding 
contributions. 


FOR FURTHER INFORMATION about IBM, 

talk with your college placement director or write to 
W. M. Hoyt, IBM, 590 Madison Ave., 

New York 22, N. Y. 


World’s largest producer of 
electronic data processing machines, 
e/ectric typewriters, and 

e/ectronic time equipment. 


Co 
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The University of Illinois . . . 


Astronomical Observatory 


If one were to look in the precise 
location of latitude 40 6’ 20’ .2 and lon- 
gitude 88 13’ 28.5” at exactly 774 feet 
above sea level, one would see a build- 
ing quite unique—another proud posses- 
sion of our university—the University 
of Illinois Astronomical Observatory. 

In more familiar terms, our star 
dome is located at the south-east corner 
of the heavily trafficked quadrangle, 
East of the Main Library and immedi- 
ately South of Smith Music Hall. It 
stands like an oasis in our plane of ultra 
“practical” knowledge ready to cool and 
satisfy the cosmic curiosity that en- 
flames many. 


by Paul Davis, Indust. E. ‘56 


Because astronomy is one of the pur- 
est of the ‘‘applied” sciences, it has this 
effect on those truly interested in it: one 
becomes addicted, as it were, to knowl- 
edge and the quest of knowledge. That 
is to say, the more one learns of astron- 
omy the more one is apt to want to 
know about it. And so the observatory 
is perpetuated by this quest for knowl- 
edge: perpetuated by the fact that since 
the entire universe, subtracting a tiny 
speck known as earth, is its sole domain. 
The potential of learning is great and 
the amount of knowledge is almost end- 
less. 


Astronomy is perhaps the oldest of the 


Professor Wyatt at the 12-inch telescope. 
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sciences. For undoubtedly since _ the 
dawn of time mankind has gazed sky. 
ward with awe in his eye and inquiry 
in his mind. And every stargazing in 
quirer has striven according to his abil. 
ity and interest to understand more anc 
more of the heavenly happenings. 


Local strivings for knowledge in the 
field of astronomy began in earnest 
technically speaking, in 1895 when Pro 
fessor Ira Baker suggested that the Uni. 
versity of Illinois have an astronomica 
observatory. Professor Baker, founde: 
of the American Society for Engineering 
Education and other collegiate organiza 
tions, knew that the addition of thi 
observatory would be a very desirable 
educational asset to the university. He 
proposed that the university spend some 
$15,000 on the project, which in thos 
days was quite a tidy sum. One cat 
easily imagine the resistance that met 
the proposition; however in 1896 work 
was begun. Then finally in the fall o: 
1897 the Observatory of the University 
of Illinois was completed. 


It had been successfully designed t 
house the offices of the director and hi: 
assistants. Also included on the firs 
floor was space for a. small but adequat 
library, lecture and demonstration room: 
and an experimental laboratory. Yet i 
might well be said that the main orde: 
of business is on the second floor—her 
is the dome room and its complementary 
sections. The dome itself is some 2( 
feet in diameter. The dome is paintec 
black and in contrast the walls ar 
painted light blue. The floor is of sturdy 
oak. Immediately around the dome 1 
space for small instruments, desks fo: 
plotting data and making computation: 
and a map room. Doors open which al 
low entrance to an outside terrace fron 
which students and professors, amateur. 
and professionals may look at the sk 
and be impressed by the beauty of th 
heavens. 

In the center of the dome room floo 
stands the “scope’’—proud of its history 
competent to its task. Parading abov 
its unwinking eye stars pass in pano 
ramic procession while below it dedi 
cated men of science precisely plot thei 
passing. 

The technical description of the tele 
scope is a 12-inch lense with a 180-inel 
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General view of the 12-inch telescope showing the pier in right foreground 
and equatorial mounting at top. 


focal length. The apparatus is referred 


to as a visual refractor. The accuracy 


of the scope is maintained by careful and 
constant checking of the intricate ma- 
chinery of operation. Stability is ob- 
tained and maintained due to the fact 
that the telescope sits on a pyramidal 
column of accurately laid bricks. This 
column extends from well below the 
foundation of the building up to the 
base of the telescope. 

This telescope and its technical com- 
ponents were first used for the advance- 
ment of astronomical knowledge under 
the directorship of Dr. Joel Stebbins. 
It was through the efforts of Dr. Steb- 
bins and his collatorators that the tech- 
nique of photo-electric measurement was 
developed. This development in 1906 
here at our university observatory 
opened up a field of astronomy that 
has done as much or more as the de- 
velopment and application of astronomi- 
cal photography. Briefly, photo-electric 
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measurements allow measurements of 
brightness and intensity of stars, planets 
and galaxes to be made that are perhaps 
ten times more accurate than is possible 
with photography. Dr. Stebbins left the 
university around 1919 and is now in 
retirement in California. 

The next director was Dr. Robert 
Horace Baker who arrived in 1920. His 
studies both here and elsewhere enabled 
him to write textbooks in the field, one 
of which is used today with modernizing 
revisions. His book is one of the most 
widely used college texts in the country. 

The present director of the observa- 
tory is the able Dr. George C. McVit- 
tie who came to the university in 1952. 
Dr. McVittie’s undergraduate work was 
done at Edinburgh; his graduate work 
at Cambridge where he also received his 
Ph.D. Dr. McVittie has made his con- 
tribution to the field principally by his 
writings on general relativity and _ its 
relation to cosmology. 


Undergraduate students absorb- 
ing astronomical information are more 
apt to run across Dr. Wyatt, second 
member of the department, who teaches 
the beginning course. His interest in the 
field is so keen that it sprads contagi- 
ously to the students. Caught up in his 
interest, they become interested and thus 
make themselves all the more suscep- 
tible to the teaching. Dr. Wyatt is a 
product of two of our country’s best 
schools, because he received his A.B. 
from Dartmouth and his M.S. and 
Ph.D. from Harvard. 


Is it possible accurately and precisely 
to define the purpose of the observa- 
tory? The basic answer to the question 
is—what is the purpose of knowledge 
for it is the acquisition of knowledge 
that gives purpose to the observatory and 
the university in general. Yet a less in- 
volved answer and one that might give 
a better insight to our particular ques- 
tion would be to consider as purposes 
th efollowing: a development of an 
awareness of the heavens in a more spe- 
cialized sense, a realization of the sci- 
ence of astronomy and a more clarified 
conception of the universe that  sur- 
rounds us. Of course, professionally 
speaking, the observatory offers a place 
where data may be taken, calculations 
made, old theories confirmed and new 
ones developed. These and the unwritten 
purposes are enhanced and made more 
edifying by the quest for and attain- 
ment of knowledge. 


One of the things that makes astron- 
omy so intriguing is the fact that it 1s 
largely an observational science; experi- 
mental exercises are not made up, data 
are not taked—everything is ready made 
and waiting. A person, especially a child, 
needs no special equipment to become 
interested in the heavens—all that is 
necessary is to look. As a matter of fact 
this might be considered one of the pur- 
poses of the observatory; to rekindle in 
“oldsters’ that curiosity they had as 
youngsters. Once the spark of curiosity 
is aglow in the student it is an easier 
job for the instructors to present the 
“big picture” of our universe. 


When the student has some idea of 
the universe and his curiosity has not 
been smothered, he is ready to be ex- 
posed to the teachings, techniques and 
theories which make up the science of 
astronomy. It is here that the observa- 
tory, its equipment and its instructors 
play a unique role. Now working as a 
team they must show how astronomy 
can correlate and use to its advantage 
the principles of mathematics, physics, 
chemistry and other “‘practical’’ sciences. 
It is a surprise to some to realize that 
math and physics are not the ends, but 
rather in this case, the tools of the trade. 

To the survey student the technicali- 
ties of astronomy are foreboding and 
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View of the Telescope looking vertically upwards showing the eyepiece 
and clamps, and counterweights. The clamps are used to fix the telescope 


on a celestial object. 


smack just a little of the occult. To him 
the cause and effect of such things as 
temperature, barometric pressure and 


and the correct application of the higher 
forms of calculus are just slightly out- 


side his reach; they are alluded to brief- 


ly in passing and he is thankful. Yet in 
talking to students who have taken 
courses, one finds that they have a feel- 
ing that they have really learned some- 
thing from their experiences in the ob- 
servatory. They realize that for the 
most part the knowledge gained is not 
the key to financial success, yet even 
these modern young thinkers feel they 
have profited from the course. What 
did they learn? They have realized that 
even though the applications of some of 
the techniques and theories are vast in 
their implications and scope of coverage, 
the principles that govern these applica- 
tions are sometimes not so difficult to 
understand. If this idea can be assimi- 
lated and properly applied to other fields 
it in itself is a lesson profitably learned. 

Some who come get a clearer concept 
of the universe, some develop an inter- 
esting hobby, others get the “‘big, big 
picture’ through assimilation that is 
priceless, and still others gain a wider 
and more technical understanding of the 
field—but what is just as important is 
the fact that students and instructors 
alike agree that all who come to the 
observatory get something worthwhile. 

Thus we can be justly proud of our 
observatory for it has had an active and 
useful history, it serves a practical and 
altruistic purpose and it has the good 
opinion of the students and sound ap- 
praisal of the instructors. 


INDUSTRIES THAT MAKE AMERICA GREAT 


OIL...FLUID ENERGY FOR 
AN ENERGETIC PEOPLE 


Crude oil spouting from the earth is the 
fabulous fountain that has put this nation 
on wheels and wings. Oil has made mil- 
lions of homes and buildings more com- 
fortable and, through the “magic” of 
petro-chemistry, hundreds of new products 
have been created, ranging from fabrics 
to formaldehyde. 

Modern, advanced refining methods are 
producing the most powerful gasolines 
ever offered, to fuel America’s 47 million 
cars. The airlines’ planes and the rail- 
roads’ diesels depend on the same petro- 
leum for their tremendous power. 

The rocketing importance of oil to so 
many major segments of the nation’s 
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economy makes finding new reserves to 
be tapped an unending, expensive job. 
And it is to the industry’s credit that it 
is reinvesting—year after year—so much 
of its own money in exploration, research 
and expansion—determined to be ready 
to meet a market for petroleum fuels 
that is expected to climb to an awesome 
$32 billion annually by 1975. 

The petroleum industry always has de- 
pended on steam for power, heating and 
processing. And steam’s versatility was 
most recently demonstrated when several 
major refineries contracted with B&W to 
build special Carbon Monoxide boilers to 
convert waste gases into useful power. 


B&W, working cooperatively with the oil 
companies, is providing efficient, econom- 
ical steam throughout the petroleum in- 
dustry—as it does throughout all U. S. 
industry. The Babcock & Wilcox Com- 
pany, Boiler Division, 161 East 42nd 
Street, New York 17, N. Y. 

N-193 
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Research Specialist Edward 
Lovick (right) discusses 
application of experimental 
slot antenna in the vertical 
stabilizer of a high-speed 
aircraft with Electronics 
Research Engineer Irving 
Alne and Electronics 
Research Engineer 

Fred R. Zboril. 


Lockheed antenna program 


offers wide range of assignments 


Airborne Antenna Design is one of the fastest-growing areas of 
endeavor at Lockheed. Advanced development projects include 
work on stub, slot, reflector-type, horn and various dipole antennas. 


These diverse antenna activities reflect the full scope of 
Lockheed’s expanding development and production program. 
For with 13 models of aircraft already in production and the 
largest development program in the company’s history underway, 
the work of Lockheed Antenna Designers covers virtually the 
entire spectrum of aircraft, commercial and military. 


You are invited to contact your Placement Officer for a brochure 
describing life and work at Lockheed in the San Fernando Valley. 


Lockheed AIRCRAFT CORPORATION « California Division 


BURBANK - California 
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by Paul E. LaViolette, D.S.S. ‘56 


The two sides of Post’s Versalog slide rule showing the arrangements of 


the scales. (Staff photo) 


Versalog Slide Rule 


When recently we published Don 
Kessler’s fine article (October ’55) on 
slide rules our attention was called to 
the fact that a relatively new type of 
slide rule has been put on the market— 
the Post’s Versalog. 

On examination the Versalog is not a 
different type but is, as its name im- 
plies, a slide rule combining the ad- 
vantages of a number of different slide 
rules. It has as well certain other fea- 
tures such as: all the log log scales 
on one side and more accurate square 
and square root scales. In actuality it 
has all the scales found on other slide 
rules including a fourth set of scales 
for log log and log log reciprocals giv- 
ing a greater degree of accuracy. The 
range of scale now includes the log log 
from 1.001 to 22,000 and the log log 
reciprocal from 0.00005 to 0.000. 

The one exception to retaining all the 
scales of other rules is the hyperbolic 
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sine and hyperbolic tangent scales which 
are only found on the log log duplex 
vector rule, distributed by the Keuffel 
and Esser Co. In certain phases of elec- 
trical engineering these scales are heed- 
ed, otherwise they are normally not 
necessary for the average engineering 
student. 


The rule itself is handsome and has 
a sturdy appearance. Owners of the 
Versalog we have talked to seemed sat- 
ished with its performance. When 
asked if they liked the new red_ hair 
line, some reported liking it while many 
others stated they had not really noticed 
any difference. The added feature of a 
textbook containing practical rather 
than abstract probelms seemed to be ap- 
preciated by the majority questioned. 


These results are not conclusive, as 
few engineers can afford to own two 
slide rules to give a good comparison, 
but do seem to indicate the Versalog 
is a good buy. 


“Colored Auto Engines 


Automobile engines and their parts 
may become more colorful than the new 
car bodies if the ideas of a University 
of Illinois professor take hold. But the 
purpose will not be decoration, it will 
be to make assembly and repair easier. 


The idea grew out of research done 
for the Air Force by Prof. Lawrence 
Stolurow, U. of I. psychologist, and 
Charles Hopkins and William Sawrey, 


graduate assistants. 


They found that much assembly and 
repair time is lost because parts are so 
nearly alike they are confused. 


The U. of I. researchers recommend 
two procedures: “addressing” parts by 
using different colors or numbers, and 
use of a “lock and key” system of de- 
signing each part so no other part 1s 
quite like it. 

In the automobile and aviation fields 
alone, use of the two principles could 
save countless hours and thousands of 
dollars spent in training assemblymen. 
mechanics and repairmen, according te 
Prof. Stolurow. The principles could be 
put into practice with only slight modi. 
fications of existing equipment and pro- 
cedures, he believes. 


Change in design is an urgent need 
because push-button devices, emphasiz: 
ing comfort and speed of operation, have 
made present-day machines so compli. 
cated that training men to repair anc 
maintain them is costly and time-con 
suming. 


NEXT MONTH 


Mendeleyeff 
Lighter Than Air 
The Jet Stream 
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= do you go from here? 


Year after year, we draw on these nine schools for 
electrical, mechanical, industrial and general engineers. 


If you are looking for a future with real opportunities 

for growth and advancement, Square D has a lot to offer. 
The potential growth and development of the electrical 
industry is tremendous— doubling every ten years, in fact. 
And Square D is a long established, top ranking name 

in that expanding industry. Equally important, Square D Ce est 
offers the kind of personalized training GEORGIA TECH 

that equips you to go far... fast! Oe 


Why not let us tell you more about Square D 
and what we have to offer? 


Vitatathe 


We'd like to send you a brochure, 
“Your Engineering Career.” It gives the simple rules 
to follow in selecting an engineering career. 


Square D Company, Dept. SA 

6060 Rivard Street, Detroit 11, Michigan 
I’d like a copy of Square D’s brochure, 

“Your Engineering Career” 


School. Class 
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BRAIN 


TEASERS 


by Larry Kiefling, M. E. ‘56 


1. A man has 12 coins, all of which 
appear exactly alike, but one of which 
is counterfeit and does not weigh the 
same as a genuine coin. He has at his 
disposal a delicate set of balances but 
no weights. How can he detect the false 
coin, and whether light or heavy, in not 
more than three weighings? 


2. A boat is carrying cement blocks 
in a small pond. It capsizes and the 
blocks drop to the bottom of the pond. 
The boat is righted and emptied of 
water. The question is: Will the level 
of the pond rise or drop because of the 
blocks on the bottom? 


3. Two candles have equal lengths. 
The one is consumed uniformly in four 
hours, while the other takes five hours. 
When will one be three times as long 
as the other? 


4. What is today, if, when the day 
after tomorrow is yesterday, today will 
be as far from Tuesday as today was 
from Tuesday when the day before yes- 
terday was tomorrow? 


5. A steel cylindrical tank with walls 
and bottom of uniform thickness is to 
have a capacity of 5,000 cubic feet. 
Find the dimensions which will make 
the amount of surface area to a mini- 
mum. 


6. Three women together buy a ball 
of silk six inches in diameter. How 
much of the diameter must each wind 
off to get her third? 


7. Find the digits represented by the 
letters in the following addition if no 
two letters represent the same digit: 


BROKEN 
TEN 
eDIGN 


SIXTY 


8. In a room 30 feet long, 12 feet 
wide, and 12 feet high there is a spider 
in the center of one of the smaller walls, 
1 foot from the ceiling. There is a fly 
in the middle of the opposite wall, 1 
foot from the floor. What is the geo- 
desic, or shortest possible route, along 
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which the spider may crawl to reach 
his prey? Be 

9. Two sheepherders were talking to 
each other. A said to B, “If you will 
give me one of your sheep, we will have 
the same number,” and B said to A, “If 
you will give me one of yours, I will 
have twice as many as you.” How many 
sheep did each have? 

10. John Doe’s father-in-law’s brother 
is James Roe. By a strange coincidence, 
James Roe is also John Doe’s father’s 
brother-in-law, and his brother’s father- 
in-law. Show how such a triple rela- 
tionship could arise. 
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F4D, ‘‘SKYRAY"'— only carrier plane to 
hold official world’s speed record 
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A3D, “‘SKYWARRIOR"'— largest 
carrier-based bomber 
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Engineers: 
join this 
winning 
team! 


At DOUGLAS you'll be joining a 


executive officers are engineers... 
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who have designed the key airplanes and missiles on the American 
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A4D, “SKYHAWK’'— smallest, lightest 
atom-bomb carrier 


RB-66 — speedy, versatile 
jet bomber 
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C-124, ““GLOBEMASTER"— world’s 
largest production transport 
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DC-7 ‘SEVEN SEAS’’— America’s 
finest, fastest airliner 
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D558-2, ‘‘SKYROCKET’’— first airplane 
to fly twice the speed of sound 


“‘NIKE’’— supersonic missile selected 
to protect our cities 
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Challenging opportunities now 
exist in the following fields: 
Mechanical design 

Structural design 


Power plant installation design 
Weapons delivery 


company in which the three top 


.you'll be associated with men 


scene today! Nothing increases an engineer’s ability faster than Aerodynamics 
Thermodynamics 
working with other engineers of top calibre. Electronic computers 


Systems analysis 
Aircraft air conditioning 


Not only is Douglas the largest manufacturer of commercial aircraft Hydraulics 
Stress analysis 
in the world, but it also produces outstanding aircraft and missiles ee ey 
axys ! G : ee ae Electronics 
for every branch of the armed services! This diversity, besides Mechonitten 


Structural test 


giving you job security, provides unequalled opportunity Flight test 


Process engineering 


for the engineer with an eye to the future. Missiles 


First in Aviation 


DECEMBER, 1955 
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Brochures and employment applications are available at your college placement office. 


For further information relative to employment opportunities 
at the Santa Monica, E] Segundo and Long Beach, California divisions 
and the Tulsa, Oklahoma division, write today to: 


DOUGLAS AIRCRAFT COMPANY, INC. 


C. C. LaVene, Employment Manager...Engineering General Office 
3000 Ocean Park Blvd.... Santa Monica, California 
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TECHNOCRACKS 


Anyone who thinks he is indispens- 
able should stick his finger in a bowl of 
water and notice the hole it makes 
when he pulls it out. 

“They tell me your wife is outspok- 
en.” 

“By whom?” 

* * 

It isn’t what my girl knows that 

bothers me; it’s how she learned it. 


“T would like some alligator shoes.” 
“What size does your alligator 


wear?” 


“Do you suggest he’s a thief?” said 
the attorney. 

“T wouldn’t say he’s a thief suh,” 
said the witness, but if I was a chicken 
I’d sure roost high.” 


“Give me a match, Bill.” 

 Eleresit tsi 

“Well, can you beat that? I’ve for- 
gotten my cigarettes.” 

“That’s too bad; gimme back my 
match.” 

As the two lovers sat in the darkness, 
he broke the silence by asking “Am I 
he onl ‘ kissed ?” 
the only man you ve ever Kissed! 


“Yes,” she coed, “and by far the 
best looking.”’ 

M. E.: “Do insects ever get into 
your corn?” 


“Yes, but we fish ’em out and drink 
it anyway.” 

Bones: “I hadn’t been talking to the 
fellow five minutes before he called me 


a simpleton.” 
Jones: “What caused the delay?” 
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It’s not the things you don’t know 
that get you into trouble. It’s the things 
you think you ETON chan aren't true. 

School days are oh res days of 
your life providing your children are 
old enough to go. 


We know a man who hasn’t spoken 
to his wife in three months. He doesn’t 
want to interrupt her. 

co % 2% 


My roommate is devoted to his par- 


ents. He writes home every week 
whether he needs money or not. 
C. E.’s: How to become rich: Rise 


early, work late, and strike oil in your 
excavations. 

A kiss is a noun because it’s com- 
mon and proper. 

It’s a verb because it’s active and pass- 
ive. 

It’s a pronoun because she stands for 
it. 

It’s an adverb because it makes an 
explanation. 

It’s a conjunction because it brings 
together and connects. 

It’s an interjection because it shows 
strong feeling. 

It’s a preposition because it has an 
object. 

Coed to EE: “I don’t care if you are 
a volunteer fireman, keep your hands 
off my hose!” 

ok % * 

Young man transferring from Engi- 
neering to LAS would like to trade one 
good study lamp for comfortable bed. 

ROLE Student: “One piece fits me.” 

Supply Sgt.: “Yeah? Which one?” 

ROTC Student: ‘Necktie.” 


Getting out a joke colum is fun, but 
it’s no picnic. 

If we don’t print jokes, we are too 
serious. 

If we do print jokes, we are silly. 

If we take them from other maga- 
zines, we are too lazy to write them 
ourselves. 

If we don’t print contributions, we 
don’t appreciate true genius. 

If we do print them, the pages are 
full of junk. 

And now, like as not, someone will 
say we stole these from some other mag- 
azine. 


We did. 
Diplomacy is, to do and say, 
The nastiest thing, in the nicest way. 


CO-ED AMBITIONS 

Freshman: She wants to marry a 
football hero. 

Sophomore: She wants to marry her 
favorite professor. 

Junior: She wants to marry a capital- 
1st. 

Senior: She wants to marry a man. 


When Noah sailed the waters blue, 

He had his troubles, same as you. 

For forty days he drove his ark, 

Before he found a place to park. 

He grabbed me around my slender 
neck, 

I could not call or scream, 

And dragged me to his dingy room, 

Where we would not be seen. 

He tore away my flimsy wrap, 

And looked upon my form, 

I was so cold and damp and scared, 

While he was hot and warm. 

His fev’rish lips he pressed to mine, 

I gave him every drop; 

He drained me of my very self, 

I could not make him stop. 

He made me what I am today, 

That’s why you find me here; 

A broken bottle thrown away, 

That once was full of beer. 


A small boy was seated on the curb 
with a pint of whiskey in his hand, read- 
ing a 
Kea 

An old lady passed and asked, ‘‘Little 
boy, why aren’t you in school ?” 

The child replied, 
but four.” 

One night the hungry engineer found 
a cute tittle white rabbit sitting in his. 
refrigerator. 


“Howdo,” said the rabbit. 
“What on earth are you doing in 
there?” 


“This is a Westinghouse, isn’t it?” | 


asked the bunny. 
“Why, yes.” 
“Well, I’m westing. 
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racing form, and smoking a big | 


“Gee lady, I ain’t 


| 
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